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PREFACE

This final PhD dissertation report has three major interconnected parts.

PART ONE: «Prevalence and determinants of self-medication practice among selected
households in Addis Ababa community, Ethiopia». This research work has been published at
PLoS ONE (Shafie et al., 2018). The following are the objectives:

General Objective

To assess the prevalence and determinant factors of self-medication practice in selected

households of three sub-cities of Addis Ababa, Ethiopia.
Specific Objectives

— To determine the prevalence of self-medication practice (SMP).
— To assess the level of knowledge of the participants about SMP.

— To identify factors associated to SMP.

PART TWO: «Self-medication practice with Antibiotics by adult patients who are suspected
of urinary tract infections in Addis Ababa Community». It includes the following general and

specific objectives:
General objective

To assess the antibiotic self-medication practice among adult patients suspected of urinary
tract infections (UTIs) in Addis Ababa, Ethiopia.

Specific objectives

— To characterize the socio-demographic characteristics of the study patients.

— To determine the prevalence of antibiotic self-medication practice (ASMP) among adult
patients suspected with UTIs.

— To identify the associated risk factors of ASMP among adult patients suspected with
UTls.

— To determine the antibiotic susceptibility test towards patient isolated bacteria from
urine sample.

— To assess the level of knowledge of the patients towards antibiotics.

— To identify common uropathogenic bacteria among adult patients confirmed with
UTls.



— To determine the prevalence of multi-drug resistant (MDR) bacteria against the tested
antibiotics.

— To describe the number of antibiotics (from the 2 antibiotics until the maximum)
resisted by the micro-organisms.

— To determine the presence of self-medicated patients among those with multi-drug

resistant bacteria induced urinary tract infections.

PART THREE: «/n vitro antioxidant, antibacterial activities and phytochemical screening of
selected ethno-medicinal plants against patient isolated MDR uropathogenic bacteria». The

general and specific objectives of this study were the following:
General Objective

To evaluate the in vitro antioxidant, antibacterial activities, qualitative and quantitative
phytochemical composition, GC-MS characterization of active constituets and synergistic
interactions of ciprofloxacin with the crude leave extracts of Rhamnus prinoides, Thymus

schimperi and Justicia shimperiana.

Specific Objectives
Section 1) Phytochemical Profile and Antibacterial activities of the extracts

— To determine the qualitative phytochemical composition of the different crude extracts.
— To determine the antibacterial activity of the crude extracts.

— To determine the antibacterial activity of the extracts’ combination.

— To identify the minimum inhibitory concentration (MIC) of the crude extracts.

— To determine the MIC of the extracts’ combination.

— To identify the minimum bactericidal concentration (MBC) of the extracts.

— To identify the MBC of the extracts’ combination.

— To assess synergistic activity of the extracts’ combination with ciprofloxacin.
Section 2) Antioxidant activity of the extracts

— To determine the antioxidant and free radical scavenging activities of the three extracts.

— To estimate the quantity of the phenol, flavonoid and proanthocyanidin contents.
Section 3) GC-MS chemical profile

To identify the bioactive chemical constituets through GC-MS analyses on the extracts.
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Resumen

Antecedentes

La automedicacién es una practica recomendada por la Organizacién Mundial de la Salud
(OMS) como parte de la atencién primaria de salud. En los paises en desarrollo, la préactica de
la automedicacion con antibioticos es la forma més comdn de autocuidado para tratar
diferentes enfermedades/sintomas. Sin embargo, una practica inadecuada puede entrafiar
peligros potenciales como el autodiagndstico incorrecto y el desarrollo de bacterias multi-
resistentes (multi-drug resistance, MDR). Ademas, se dispone de pocos informes de estudios
sobre la asociacion de la automedicacion con antibioticos y el desarrollo de MDR entre los
pacientes adultos con infeccidn del tracto urinario (ITU). Actualmente, el aumento global de
las infecciones bacterianas MDR supone un problema de salud publica. Para afrontarlo, las
plantas medicinales podrian ser fuentes potenciales de farmacos antiinfecciosos en la lucha

contra estas infecciones.

Objetivo

El objetivo principal de este estudio es evaluar la prevalencia de la practica de la
automedicacion, de la practica de automedicacion con antibiéticos, particularmente, y de los
factores asociados a la misma entre participantes adultos de Addis Abeba, Etiopia. El objetivo
secundario es evaluar tres especies vegetales de la medicina tradicional de Etiopia ( 7Aymus
schimperi, Rhamnus prinoidesy Justicia shimperiana) como fuentes potenciales de principios

activos con actividad antiinfecciosa frente a microorganismos patégenos del tracto urinario.

Metodologia

Para evaluar la prevalencia de la préactica de automedicacion se realiz6 un estudio transversal
de una muestra de participantes procedentes de hogares seleccionados de una comunidad de
Addis Abeba, desde abril hasta mayo de 2016, con un periodo de recuerdo de dos meses.
Para evaluar la practica de la automedicacion con antibioticos se realiz6 un estudio transversal
multicéntrico en Addis Abeba, desde noviembre de 2020 hasta agosto de 2021, en pacientes
adultos con sospecha de ITU. La recoleccion de datos se llevd a cabo mediante encuestadores
apropiadamente entrenados y formados que utilizaron cuestionarios previamente probados y

validados. Los datos se analizaron con el paquete estadistico SPSS (SPSS Inc, Chicago, IL;

VI



version de software 21). Para identificar la asociacion de las variables independientes con las
variables dependientes (practica de automedicacion, practica de automedicacion con
antibidticos) se realizaron analisis de regresion logistica binaria simple y multiple. La magnitud
de las asociaciones se cuantificO mediante una proporcion de probabilidades ajustadas con un
intervalo de confianza (IC) del 95%. En todas las pruebas estadisticas, la asociacion de las

variables se consideraba significativa si el valor de p era inferior o igual a 0,05.

En el estudio de laboratorio clinico, s6lo se estudiaron las muestras de orina con un
crecimiento significativo (>105 ufc/mL). Tras obtener las cepas puras, éstas se sometieron a
métodos convencionales de identificacion bioquimica para identificar los diferentes
uropatdgenos Gram-negativos y Gram-positivos. Los datos de resistencia se interpretaron de

acuerdo con el Clinical Laboratory Standards Institute.

En segundo lugar, se investigo la actividad antibacteriana y antioxidante /17 vitro de los
extractos crudos hidrometandlicos de Rhamnus prinoides, Thymus schimperi y Justicia
shimperiana. Ademas, se realizaron analisis fitoquimicos cualitativos y cuantitativos siguiendo
protocolos estédndar. Se estudio la actividad antioxidante de los extractos hidrometandlicos de
las respectivas especies vegetales mediante los ensayos FRAP (Ferric Reducing Antioxidant
Power), DPPH (2,2-diphenyl-1-picrylhydrazyl) y ABTS (2,2'-azino-di-(3-ethylbenzthiazoline
sulfonic acid). La actividad antibacteriana y las concentraciones bactericidas minimas (CBM)
de los extractos se determinaron por el método de difusion en pozos de agar. La Concentracion
Minima Inhibitoria (CMI) se determind mediante el método de microdilucion en placas de 96
pocillos. En el estudio de la actividad antibacteriana, los resultados de CIM y CBM se
expresaron como media £ desviaciones estandar. En el estudio de la actividad antioxidante,
los datos se analizaron utilizando el software SPSS (version 25) y Microsoft Office Excel 2017.
Los resultados se expresaron como media * desviacion estandar. El coeficiente de correlacion
de Pearson se utiliz6 para analizar la asociacion entre los contenidos fitoquimicos totales frente
a los tres ensayos de actividad antioxidante. El valor P < 0,05 se considerd estadisticamente
significativo. El resultado del cribado fitoquimico se clasific6 como altamente (+++),
moderadamente (++), ligeramente (+) y ausente (-), respectivamente. Finalmente, para
identificar y caracterizar el perfil quimico bioactivo de los extractos crudos, se utilizé el andlisis
GC-MS.

Resultados
En el estudio de la comunidad, de los 604 participantes, 422 (69,9%) eran mujeres y 182

(30,1%) eran hombres, siendo la edad media de 41,04 (x 13,45) afos. La prevalencia de la
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automedicacién en este estudio fue del 75,5%. Las tres dolencias mas frecuentes tratadas
con automedicacion fueron dolor de cabeza 117 (25,7%), dolor abdominal 59 (12,9%) y tos
54 (11,8%). Los dos motivos principales de la automedicacion fueron la levedad de la
enfermedad 216 (47,4%) y el conocimiento previo del medicamento 106 (23,2%). Los dos
medicamentos méas consumidos fueron el paracetamol 92 (20,2%) y los remedios tradicionales
73 (16,0%), mientras que los puntos de venta de medicamentos 319 (83,3%) fueron la
principal fuente de medicamentos. Las dos fuentes de informacion sobre medicamentos mas
frecuentes fueron los profesionales sanitarios 174 (45,4%) y la experiencia de tratamientos
anteriores 82 (21,4%). Ademas, se encontraron diferencias estadisticamente significativas
entre los encuestados que declararon practicar la automedicacién en funcién de los ingresos

y de los conocimientos sobre la practica de la automedicacion adecuada.

En el estudio multicéntrico, para evaluar la practica de automedicacion con
antibidticos, participaron un total de 531 pacientes adultos. La edad media (x+ DE) era de
43,74 (£ 16,16) afos. La mayoria de los pacientes, 368 (69,3%), eran mujeres. La prevalencia
global de la practica de automedicacién con antibiéticos fue del 10,4%. La infeccion del tracto
urinario (ITU) 14 (25,5%) fue autodeclarada como la queja mas comudn para la practica de la
automedicacion con antibiéticos. El antibidtico méas frecuentemente declarado fue la
amoxacilina 28 (50,9%). La razon principal para la automedicacién con antibiéticos fue la
experiencia pasada/simplemente conocer el nombre del medicamento 29 (52,7%). Un nimero
de 48 (87,3%) pacientes que practicaban automedicacion declararon que la automedicacion
con antibioticos era una practica inaceptable. Los pacientes con una edad igual o superior a
50 afios, con ingresos mensuales inferiores o iguales a 4.000 birrs y sin antecedentes de ITU,
eran mas propensos a la automedicacion. De las 129 bacterias aisladas, 106 (82,2%) eran
resistentes a dos o0 mas antibioticos. Las dos bacterias méas aisladas fueron Escherichia coli,
88 (68,2%), y Klebsiella pneumoniae, 10 (7,8%). En cuanto a los antibidticos testados, casi
el 91% de los aislados de £. colieran resistentes a la ampicilina, mientras que para amoxicilina
y doxiciclina lo eran al 100%. Los aislados de K. pneumoniae eran resistentes al 100% para
los tres farmacos (ampicilina, amoxicilina y doxiciclina). Entre los aislados de bacterias MDR
aisladas, 9 (8,5%) pacientes practicaban automedicacion con antibidticos y casi un tercio de

las bacterias eran resistentes a seis antibiéticos (33,3%).

En cuanto al estudio de las especies vegetales de interés, los contenidos mas altos de
fenoles, flavonoides y proantocianidinas se detectaron en el extracto de 7hymus schimperi en
comparacién con los otros extractos. En la prueba de actividad antioxidante, el extracto de 7.

schimperi tuvo el mayor porcentaje en la inhibicibn de DPPH (Cl 50%), con mayor poder
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antioxidante reductor FRAP actividad reductora, 2521,60 mMole sulfato ferroso Eq (mMole
Fe2+); y la mayor actividad antioxidante/ensayo ABTS/ con una media de 27296,65 puMole
trolox Eq (uMole trolox). El contenido total de fenoles mostrd una correlacion negativa casi
perfecta con el valor de la actividad antioxidante del ensayo DPPH (ClI 50%) (r=-0,999;
p=0,023). Ademas, el contenido total de flavonoides de los extractos se correlacioné
significativamente con el ensayo ABTS (media de la actividad de barrido; r=0,999; p= 0,032).
En la actividad antibacteriana, 7. schimperi mostré la mayor actividad antibacteriana de
manera dependiente de la concentracion en las dosis probadas en comparacion con los otros
extractos. 7. schimperi, a dosis de 1000 mg/mL, mostré el didmetro maximo de la zona de
inhibicion (DZI) frente a los aislados de £. co/i MDR (DZI: 20,00 = 0,00 mm), K. pneumoniae
ESBL (DZI: 14,50+0,55 mm), £. coli (ATCC25922) (DZI: 18,5+0,55 mm) y K. pneumoniae
(ATCC700603) (DZI: 14,83+0,40 mm) en comparacion con los controles negativos y los
demas extractos. Al igual que 7. schimperiy su combinacion con Rhamnus prinoides en la
prueba frente a los aislados de £. col/iMDR, 7. schimperifue el Unico extracto con la CIM més
baja (4 mg/mL) entre los extractos evaluados frente a £. coli (ATCC25922). El control positivo
(ciprofloxacino) tuvo el valor de CIM més bajo en comparacion con todos los extractos
independientes y la combinacion de dos extractos. La CIM mas baja de 7. schimperi en la
evaluacion de la actividad antibacteriana frente a los aislados de K. pneumoniae MDR fue de
8 mg/mL, sin embargo, fue de 4 mg/mL (CIM) para la actividad frente a K. pneumoniae
(ATCC700603). EI MBC mas bajo de 7. schimperi en la prueba frente a los aislados MDR K.
pneumoniae ESBL fue de 32 mg/mL; en la actividad frente a K. pneumoniae (ATCC700603)
fue de 64 mg/mL; en la evaluacion frente a los aislados de £. co/i MDR y frente a £. coli
(ATCC25922) fue de 16 mg/mL. La relacion entre la CBM y la CIM de 7. schimperi sola 'y en
combinacién con R. prinoides en la prueba frente a K. pneumoniae (ATCC700603) fue
bacteriostatica. Salvo en el caso de £. coli MDR (aditivo), la interaccion de las combinaciones
entre el extracto de 7. schimperiy ciprofloxacino se clasifico6 como indiferente frente al resto
de las cepas. A diferencia de £. coli (ATCC25922) (antagonista), las combinaciones de R.
prinoides y ciprofloxacino mostraron una interaccion indiferente. En los andlisis GC-MS, en el
extracto de 7. schimperi se identificaron 14 compuestos bioactivos. Los cuatro compuestos
predominantes fueron el &cido hexanedioico, éster bis (2-etilhexilo) (73,88%); timol
(11,68%); o-Cimen-5-ol (7,95%); y p-tert-butilcatecol (2,19%). En los extractos de A.
prinoides se identificaron seis compuestos y los tres compuestos bioactivos abundantes
identificados fueron el &acido hexanedioico, éster bis (2-etilhexilo) (79,36%); beta-D-

glucopiranésido, metilo (10,03%); y desulfosinigrina (8,28%). En el extracto de Justicia



shimperiana se identificaron el acido hexanedioico, éster de mono (2-etilhexilo) (59,6% de

area de pico), la debrisoquina (12,18%) y el 8,11,14-heptadecatrienoato de metilo (10,79%).

Conclusion

En la comunidad, la automedicaciébn se practic6 con una serie de farmacos, desde el
paracetamol hasta los antimicrobianos. Claramente, la prevalencia de la préactica de
automedicacién con antibidticos entre la poblacion de pacientes adultos es significativa. La
edad, los ingresos mensuales y la ausencia de antecedentes de ITU se asociaron
significativamente con la practica de automedicacion antibidtica. Entre los pacientes
automedicados, algunos presentaban bacterias MDR. La practica de la automedicacion es
inevitable; por lo tanto, las autoridades sanitarias y los profesionales de la salud deberian
aplicar enérgicamente las leyes existentes de regulacién de medicamentos para evitar la venta
libre de antibidticos y su uso inadecuado. Dado que la préactica de la automedicacion es
inevitable, las autoridades y los profesionales de la salud deberian educar al publico no sélo
sobre las ventajas y desventajas de la automedicacion, sino también sobre su uso adecuado.
Por lo que respecta especificamente a este estudio, también deberia prestarse mayor atencion

a los pacientes de mas edad y a los que poseen las rentas méas bajas.

Entre los extractos vegetales estudiados, el de Thymus schimperi mostré la mayor
actividad antioxidante en todos los ensayos. El contenido total de fenoles, flavonoides y
proantocianidinas fue mayor en 7. schimperi en comparacion con los demas extractos.
Estadisticamente, las actividades DPPH (Cl 50%) y ABTS se correlacionaron con el contenido
total de fenoles y flavonoides, respectivamente. 7. schimperi tuvo una mejor actividad
antibacteriana /n vitro frente a los aislados uropatégenos MDR E. coliy K. pneumoniae ESBL.
En los analisis GC-MS se identificaron compuestos de los cuales se han descrito aplicaciones
en el tratamiento de diferentes enfermedades. Y asi, el extracto de 7. schimperi present6 14

compuestos, el de R. prinoides presento seis y el de J. shimperiana cinco.

Palabras clave: Prevalencia; Practica de automedicacidén; Hogares; Comunidad; Resistencia
a farmacos; Prueba de susceptibilidad a los antibiéticos; Pacientes adultos; /n vitro; Rhamnus
prinoides; Thymus schimperi; Justicia shimperiana; Actividad antioxidante; Actividades
antibacterianas; Cribado fitoquimico; Bacterias MDR; Escherichia coli; Klebsiella pneumoniae;
Addis Abeba; Etiopia.



ABSTRACT

Introduction

Self-medication (SM) is a recommended practice by the World Health Organization (WHO) as
part of the primary health care. In developing countries, antibiotic self-medication practice
(ASMP) is the most common form of self-care to treat different diseases and symptoms.
However, inappropriate practice can have potential dangers such as incorrect self-diagnosis,
and development of multidrug resistant (MDR) bacteria. Urinary tract infections (UTIs) are
among the most common bacterial infections that people self-treat. Even so, there are few
study reports on the relationship between ASMP and MDR development in adult UTI patients.
Currently, the global increase in MDR bacterial infections poses a public health problem. To
tackle this, medicinal plants could be potential sources as anti-infective drugs to fight against

these infections.

Objective

This study aimed to evaluate the overall community self-medication practice, antibiotic self-
medication practice, and their associated factors among adult participants in Addis Ababa,
Ethiopia. The secondary objective was to evaluate three plant species from traditional
Ethiopian medicine (7hymus schimperi, Rhamnus prinoides and Justicia shimperiana) as
potential sources of active ingredients with anti-infective activity against pathogenic

microorganisms of the urinary tract.

Methodology

To assess the prevalence of self-medication practice, a cross-sectional study of a sample of
participants from selected households in a community in Addis Ababa was conducted from
April to May 2016, with a recall period of two months. To assess the practice of self-medication
with antibiotics, a multicentre-institutional based cross-sectional study was conducted from
November 2020 up to August 2021 in Addis Ababa, among adult patients suspected of UTI.
Data collection was carried out by appropriately trained and educated enumerators using pre-
tested and validated questionnaires. Data were analysed using the SPSS statistical package
(SPSS Inc, Chicago, IL; software version 21). To identify the association of the independent
variables with the dependent variables (self-medication practice, antibiotic self-medication
practice), simple and multiple binary logistic regression analyses were performed. The

magnitud of the associations was quantified using an adjusted odds ratio (AOR) with a 95%
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confidence interval (Cl), and in all statistical tests, a p-value < 0.05 was considered statistically

significant.

In the clinical laboratory study, only urine samples with significant growth (>10°
cfu/mL) were further studied. After obtaining the pure strains, the strains were subjected to
conventional biochemical identification methods to identify different Gram-negative and
positive uropathogens. Resistance data was interpreted according to the Clinical Laboratory

Standards Institute.

Second, the hydromethanolic crude extracts of Rhamnus prinoides, Thymus schimpery,
and Justicia shimperiana were investigated for /i vitro antibacterial and antioxidant activities.
Furthermore, qualitative and quantitative phytochemical screenings were done following
standard protocols. The hydro-methanolic extract of these plants was studied for antioxidant
activities using FRAP (Ferric Reducing Antioxidant Power), DPPH (2,2-diphenyl-1-
picrylhydrazyl) and ABTS (2,2’-azino-di-(3-ethylbenzthiazoline sulfonic acid) assays.
Antibacterial activity and Minimum Bactericidal Concentrations (MBC) of the extracts were
determined by agar well diffusion method. The Minimum Inhibitory Concentration (MIC) was
determined by the microdilution method in 96-well plates. In the antibacterial study, results
of zone of inhibitions, MIC and MBC were summarized as means (+ standard deviations). In
antioxidant activity study, data were analyzed using SPSS (Version 25) and Microsoft Office
Excel 2017. Results were expressed as mean =+ standard deviation. One-way anova was
performed to compare mean differences of the phytochemical contents among the extracts.
List Significant Difference test was used to identify where the mean differences were. The
Pearson correlation coefficient was used to analyze the association among total phytochemical
contents versus the three antioxidant activity assays. P-value < 0.05 was considered as
statistically significant. The presence of phytochemical screening result was classified as highly
(+++), moderately (++), slightly (+) and absent (-), respectively. Finally, to identify and
characterize the bioactive chemicals profile of the crude extracts, GC-MS analyses was used.
The Minimum Inhibitory Concentration (MIC) was determined by the microdilution method in
96-well plates. In the antibacterial study, results of zone of inhibitions, MIC and MBC were
summarized as means + standard deviations. In the antioxidant activity study, data were
analyzed using SPSS (Version 25) and Microsoft Office Excel 2017. Results were expressed as
mean =+ standard deviation. One-way ANOVA was performed to compare mean differences of
the phytochemical contents among the extracts. List Significant Difference test was used to
identify where the mean differences were. The Pearson correlation coefficient was used to

analyze the association among total phytochemical contents versus the three antioxidant
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activity assays. P-value < 0.05 was considered as statistically significant. The presence of
phytochemical screening result was classified as highly (+++), moderately (++), slightly (+)
and absent (-), respectively. Finally, to identify and characterize the bioactive chemicals profile

of the crude extracts, GC-MS analyses were used.

Result

In the community study, among the 604 participants, 422 (69.9%) were female and 182
(30.1%) were male and being the mean age of 41.04 (+ 13.45) years. The prevalence of self-
medication (SM) in this study was 75.5%. The three most frequently reported ailments were
headache 117 (25.7%), abdominal pain 59 (12.9%) and cough 54 (11.8%). The two main
reasons for self-medication (SM) were mildness of illness 216 (47.4%) and previous
knowledge about the drug 106 (23.2%). The two most frequently consumed medications were
paracetamol 92 (20.2%) and traditional remedies 73 (16.0%), while drug retail outlets 319
(83.3%) were the main source of drugs. The two most frequently reported source of drug
information were health professionals 174 (45.4%) and experience from previous treatment
82 (21.4%). Moreover, there were statistically significant differences among respondents who
reported practicing self-medication (SM) based on income and knowledge about appropriate

self-medication practice (SMP).

Additionally, within the multicenter study to assess the practice of self-medication with
antibiotics, a total of 531 adult patients were participated. The mean age (+ SD) was 43.74
(£ 16.16) years. Majority, 368 (69.3%), of the patients were female. The overall prevalence
of ASMP was 10.4%. UTIs 14 (25.5%) was self-reported as the most common complaint for
antibiotic self-medication practice. The most frequently self-reported antibiotic was
amoxacillin 28 (50.9%). The primary reason for antibiotic self-medication was past
experience/simply knowing the name of drug before 29 (52.7%). About 48 (87.3%) of the
patients, who practiced antibiotic self-medication, self-reported that antibiotic self-medication
was unacceptable practice. Patients whose age was 50 years and above, monthly income less
than or equals 4000 birrs and those patients with no history of UTIs were significantly
associated and more likely to have antibiotic self-medication. MDR was reported for 106
(82.2%) of the total 129 bacteria isolates, which were resistant to two or more of antibiotics.
The two commonly isolated bacteria were Escherichia coli, 88 (68.2%) and Klebsiella
pneumoniae, 10 (7.8%). Within the tested antibiotics, nearly 91% of the isolated £. coli was
ampicillin resistant, while for amoxicillin and doxycycline, it was 100% resistant. The K.

pneumoniae isolates were 100% resistant for all the three tested drugs (ampicillin, amoxicillin,
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and doxycycline). Among those who had MDR bacteria isolates, 9 (8.5%) of them had ASMP,

and almost one third of the bacteria were resistant to six antibiotics (33.3%).

In the phytochemical screening of the selected ethno-medicinal plants, the highest
phenolic, flavonoid and proanthocyanidin contents were detected in 7. schimperi extract
compared to the other extracts. In the antioxidant activity test, 7. schimperi extract had the
highest percent in DPPH inhibition (IC 50%), with highest reducing antioxidant power FRAP
reducing activity, 2521.60 mMole ferrous sulfate Eq (mMole Fe2+) and the highest antioxidant
activity/ABTS assay/ with a mean of 27296.65 pMole trolox Eq (uMole trolox). The Total
Phenol Contents showed almost a perfect negative correlation with the antioxidant activity
value from DPPH (IC 50%) assay (r= -0.999; p=0.023). Additionally, the total flavonoid
contents of the extracts correlated significantly with ABTS assay (mean of scavenging activity;
r=0.999; p= 0.032). In the antibacterial activity, 7. schimperishowed the highest antibacterial
activity in a concentration dependent manner in the doses tested compared to the other
extracts. 7. schimperi among the extracts at 1000 mg/mL dose showed a maximum diameter
of the zone of inhibition (DZI) against clinical isolate (CI) MDR E£. col/i (DZI: 20.00+0.00 mm),
K. pneumoniae ESBL (DZI: 14.50+0.55 mm), £. coli (ATCC25922) (DZI: 18.5+0.55 mm) and
K. pneumoniae (ATCC700603) (DZI: 14.83+0.40 mm) compared to the negative controls and
the rest extracts. Like 7. schimperi alone and its combination with R. prinoides in the test
against the Cl MDR E£. coli, T. schimperiwas the only extract with the lowest MIC (4 mg/mL)
among the extracts evaluated against £. co/i (ATCC25922). The positive control (ciprofloxacin)
had the lowest MIC value compared to all independent extracts and the two extracts
combination. The lowest MIC of 7. schimperi in antibacterial activity evaluation against ClI
MDR K. pneumoniae ESBL was 8 mg/mL but 4 mg/mL (MIC) for activity against K. pneumoniae
(ATCC700603). The lowest MBC of 7. schimperiin the test against CI MDR K. pneumoniae
ESBL was (32 mg/mL); in activity against K. pneumoniae (ATCC700603) (64 mg/mL); and in
the evaluation against patient isolated MDR £. coliand E. coli (ATCC25922) (16 mg/mL). The
ratio of MBC to MIC of 7. schimperi alone and in combination with R. prinoides in the test
against K. pneumoniae (ATCC700603) was bacteriostatic. Except for CI MDR E. col/ (additive),
the interaction of the combinations between 7. schimperi extract and ciprofloxacin was
categorized as indifference against the rest strains. Unlike for E. coli (ATCC25922)
(antagonist), the R. prinoides and ciprofloxacin combinations showed an indifference
interaction. In the GC-MS analyses, in 7. schimperi extract, 14 bioactive compounds were
identified. The four predominant compounds were hexanedioic acid, bis (2-ethylhexyl) ester
(73.88%); thymol (11.68%); o-Cymen-5-ol (7.95%); and p-tert-Butylcatechol (2.19%). While

in R. prinoides extracts, six compounds were identified and the three abundant bioactive
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compounds identified were hexanedioic acid, bis (2-ethylhexyl) ester (79.36%); beta-D-
glucopyranoside, methyl (10.03%); and desulphosinigrin (8.28%). J. shimperiana extract had
five bioactive compounds. The predominant compound was hexanedioic acid, mono (2-
ethylhexyl) ester (59.6%), debrisoquine (12.18%), and methyl 8, 11, 14-heptadecatrienoate
(10.79%).

Conclusion

In the community, self-medication was practiced with a range of drugs from the conventional
paracetamol to antimicrobials. Clearly, the prevalence of arbitrary antibiotic self-medication
practice among the adult patient population is significant. Age, monthly income, and no
history of UTIs were significantly associated with antibiotic self-medication practice. Among
self-medicated patients, some patients had MDR bacteria. The practice of self-medication is
inevitable; hence, the Ethiopian health authorities and professionals should strongly
implement the existing drug regulation laws to prevent the Over the Counter selling of
antibiotics and its inappropriate use. Since the practice of self-medication is unavoidable,
authorities and health professionals should be required to educate the public not only about
the advantages and disadvantages of self-medication but also about its proper use. Specific
to this study, more attention should also be given to older patients and patients with lower

income.

Among all vegetal extracts, 7hymus schimperiexhibited the highest antioxidant activity
in all assays. The total phenol, flavonoid and proanthocyanidin content were highest in 7.
schimperi compared to the other extracts. Statistically, DPPH (IC 50%) and ABTS scavenging
activities were correlated with total phenol, and flavonoids, respectively. 7. schimperi had a
better /n vitro antibacterial activity against uropathogenic MDR £. coli and K. pneumoniae
ESBL isolates. The GC-MS analyses identified compounds for which applications in the
treatment of different diseases have been described. And so, 7. schimperi extract had 14

compounds, R. prinoides (six) compounds and J. shimperiana had five compounds.

Keywords: Prevalence; Self-medication Practice; Antibiotic; Households; Community; Drug
resistant; Antibiotic susceptibility test; Adult patients; /n vitro; Rhamnus prinoides, Thymus
schimperr, Justicia shimperiana, Antioxidant activity; Antibacterial activities; Phytochemical

screening; MDR bacteria; Escherichia coli; Klebsiella pneumoniae,; Addis Ababa; Ethiopia.
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CHAPTER 1. INTRODUCTION

1.1  Background

The World Health Organization (WHO) has defined self-medication (SM) as the selection and
use of medicinal products by the consumer to treat self-recognized ilinesses or its symptoms,
or the intermittent or continued use of a medication prescribed by a physician for a chronic or
recurring disease or symptom (WHO, 1998), or without periodic consultation with health care
provider” (WHO, 2000).

According to target eight of the Millennium Development Goal (MDG), essential drugs
should be accessible and affordable in developing countries with the appropriate information
and communication. Self-medication products are those not requiring a medical prescription
which are produced, distributed, and sold to consumers for use on their own initiative (UN,
2008). In line with this, self-medication (SM) is one of the contributors for rational drug use.
SM is identified as one of the key aspects of primary health care by the WHO (WHO, 1998)
and World Self-Medication Industry (WSMI, 2010). SM is one aspect of self-care which people
practice for themselves in order to maintain health or prevent and deal with illnesses (Suleman
et al., 2009).

Appropriate SM is beneficial to individuals and health care systems because this
approach is affordable and convenient, particularly when people have mild diseases or
symptoms. Further, it allows patients to take responsibility, and build confidence to manage
their own health. It has also a crucial role in the health care system in saving time spent in
waiting for doctors, alleviating health care costs spending on settings with resources
constrained (Abosede, 1984; Huges et al., 2001; Bennadi, 2013), and transportation cost
(Sherazi et al., 2012).

Globally, it has been estimated that more than 50% of antibiotics are sold without
prescription (Cars and Nordberg, 2005). Although dispensing antibiotics without prescription
in the developed world is minimal (Hoxha et a/., 2005; Gastelurrutia et al., 2013; Chang et
al., 2017; Horumpende et al., 2018 (a); the problem is greater or worse in Africa and other
low-income countries due to poor healthcare regulations and which is substantiated by reports
briefing that the prevalence of self-medication in developing countries is in the range of 12.7%
to 95% (Gupta et al., 2011; Wijesinghe et al., 2012; Divya et al., 2016).

SM with antimicrobials has been found a common practice in low-income countries

and it has been shown to be significantly related to many factors including availability and



accessibility, lack of access to health care facilities, high prevalence of infectious diseases,
poor awareness, poor regulation, and lack of supervision by health professionals (WHO, 2016).
Most of the public or state hospitals rendered the health service almost to 3/4" of the country’s
population are not well equipped and are unable to fully deliver services to the public. This is
contributing highly to the practice of SM by consuming medications with consultation of
paramedics (Pradhan, 2004; WHO, 2017). Moreover, the use of prescription-only medications
including antimicrobials becomes a prevailing practice in Ethiopia. WHO reports that SM with
antimicrobial agents is becoming widespread, with one of its greatest risks being antimicrobial

resistance (Donmez et al., 2018).

In developing countries, the prevalence of difficult-to-treat bacterial infections is
escalating daily, and they have become a serious threat to public health, leading to an
increased mortality rate and decreased quality of life (Garofalo et a/, 2015; Grigoryan et al.,
2008). Particularly, in sub-Saharan Africa, where the number of deaths attributed to
antimicrobial resistance each year is higher than in other parts of the world (O'Neill, 2014),

irrational use of antibiotics is more common (Morgan et al., 2011; Afari-Asiedu et al., 2020).

In Africa, including Ethiopia, people use not only non-prescription drugs but also
prescription drugs without supervision (Ayalew, 2017). The possible reason for this is the low
number of health care practitioners and their inaccessibility to all. In Ethiopia, as a general
rule, those drugs legally classified as over-the-counter (OTC) drugs must be used primarily to
treat a condition that does not require the direct supervision and prescription of/from a doctor.
Then, OTC drugs are reasonably safe and well-tolerated. However, they still have some risks
such as interaction with other drugs, supplements, foods or drinks, and further, they could
cause problems for individuals with certain medical conditions. Therefore, they must be
dispensed by pharmacy personnel providing sufficient counseling about the condition, the
drugs and the determination on the maximum quantity dispensed at one time (Food, Medicine
and Health Care Administration and Control Authority of Ethiopia, FMHACA, 2012). In spite of
this, the regulation of non-prescription medicines is not clearly distinguished from that of

prescription medicines (World Self-medication Industry, WSMI, 2010).

1.2 Statement of the problem

Globally, SM has become a public health problem due to its prevalence and harmful effects.
It is being practiced in both developing and developed countries (Hanafy et a/., 2016) but

widely practiced in developing countries as many drugs are prescribed over the counter



without the guidance of physician (Shah et a/., 2018). Rahman et a/. (2008) indicated that
almost 80% of the world population depends on the use of unconventional medicines as its
first source of health care. While the medical community tends to reject most self-medication
practices (SMP) for the fear of health risks and the need for expert diagnosis, public authorities
tend to be more tolerant, highlighting the economic advantages for managing minor ailments
(Fainzang, 2017).

SM may facilitate the indiscriminate use of antibiotics, for example, in therapies for
minor and self-limiting conditions (Grigoryan et al., 2006; Berzanskyte et al., 2006; Sapkota
et al., 2010). From a public health perspective, it should also be stressed that non-responsible
SMPs incur significant healthcare costs, particularly with the cost of adverse drug reactions

and drug interactions indicating a real economic burden (Bennadi, 2013; Sultana et al., 2013).

Non-responsible SM is defined as the practice whereby people use at their own
initiative drugs which are not allowed to use without a prescription (Galato et a/., 2009), and
furthermore, the misuse or abuse of OTC medicines (Mortazavi et al., 2017). However, SMP
could potentially leads to some health-related complications, namely, incorrect drug selection,
drug resistance, uncontrolled adverse effects or drug reactions or interactions (Ruiz, 2010;
Panda et a/., 2016), misdiagnosis and delay in medical care (Hughes et a/., 2001; Bennadi,
2013; Patil, 2017), disruption in drug distribution systems (Purreza et al., 2013), delay in
treatment of serious illnesses, disguising symptoms of acute illnesses, sudden death in certain
cases (Nunes de Melo et al, 2006; Sanchez, 2014; Purreza et al., 2013; Mortazavi et al.,
2017), continued hospitalization intervals, and an upsurge in morbidity rate in the community
(WHO, 2000; Goossens et al., 2005).

Moreover, SM is a grave threat to health as it increases the risk of antibiotics resistance
development (WHO, 2000; Rather et al., 2017). In 2014, according to a study commissioned
by the UK government, approximately 700,000 people would die annually from drug-resistant
bacteria, and by 2050, it could well soar to 10 million, which exceed the worldwide deaths
from cancer (Piddock et al., 2016). Antibiotic-resistant bacteria have historically been hospital
based, but they are now becoming more common in the community (Levy, 2002; Carlet and
Pittet, 2013).

The increase in antibiotic resistance rates is mainly credited to inadequate prescriptions
of antibiotics and their pressure/excessive use in the community, largely in primary care. Other
associated factors are such as patient perceptions towards patient—physician interaction,

including SM, knowledge regarding antibiotics, and the lack of adequate policies for the



restriction and control of prescribed antibiotics (Costelloe et a/., 2010; Hulscher et al., 2010;
Napolitano et al., 2013; Awad et al., 2015). In Malaysian Statistics on Medicine 2009-2010,
the Ministry of Health reported a 16% increased use of both prescribed and purchased OTC
antimicrobials annually, and this can contribute to antimicrobial resistance (Aslam et a/.,
2020).

Findings of different studies revealed that there are many factors associated with SMP.
For example, a study conducted in China in four consecutive China National Health Surveys
(CNHS) showed that having five or more family members, educational background with high
and technical school, and socio-economic status with upper class were factors positively

associated with SMP (Yuefeng ef al/., 2012).

As reported by Pagan et al. (2006), there are also other factors that contribute for SMP
such as urge of self-care, feeling of sympathy toward family members in sickness, poverty,
ignorance, misbeliefs, availability of drugs other than in pharmacy, and lack of easy access to
professional health-care services. Further, other determinants of SMP were lack of government
sponsored health insurance coverage, satisfaction with pharmacy counseling, adequate
medication knowledge, and improvement of symptoms (James et a/, 2006, Suleman et al.,
2009, Gupta et al., 2011).

Similarly, studies performed in Uganda and territory of the city of Nis™ substantiated
these findings and explained that participants of male sex, having long distance travel to
health facility, with a perception of hospital drugs do not work, advised by relatives/friends,
their previous experiences/old prescriptions use, and media (television, magazines, and
internet) were found as associated factors for respondent’s choice towards SM (Ocan et a/.,
2014; Dimitrijevi¢ et al., 2014).

The temporal increment of SMP might be related to the advancement of information
technology and high access of drugs from several sources which make the patients to be
closer to the disease and drug related information (Bennadi, 2013; Patil, 2014). Moreover,
several worldwide websites allow patients to access antibiotics without medical diagnosis and
a prescription (El Zowalaty et a/, 2016). People can google about their health issues and
medications (Pradhan, 2004). Therefore, there should be guidelines to follow strictly for
regulating patients as well as comedics to ensure optimum utilization of SMP (Sherazi et a/.,
2012).

In Ethiopia, and particularly in the selected households among the Addis Ababa

community, the magnitude and pattern of SMP, factors affecting SM, whether the practice is



appropriate or not, whether the public is knowledgeable on the rational use and risk of the
medicines, the common types of illnesses leading to SMP, and major types of drugs consumed
have not yet been adequately studied. Therefore, the major aim of this study was to determine
the prevalence and determinants of SM in selected households among the Addis Ababa

community.



CHAPTER 2. LITERATURE REVIEW

In this literature review, there are various studies carried out in Africa and the other world
about SM. Some of the published studies are discussed below on their prevalence,
sociodemographic profile of study participants, reasons of SMP, types of ailments/disease

cause SMP, types of drugs used, source of information and other related variables.

Worldwide, the prevalence of SMP is not similar across countries. As an example, SMP
has been reported 12.7% in Spain (as a European country), 75% in Chile and 61% in Mexico
(as South and Central American countries), and 40-60% in the Vietnamese, 32% in the
Chinese, and 71% in the Indians (as Asian countries) (Shaghaghi et al/., 2014). According to
a systematic review, in developing countries, the overall prevalence of SM ranged from 8.3 to
87% (Parulekar et al., 2016).

In developed nations, such as those that make up Europe, a major concern of irrational
SM with antibiotics is reported. For instance, in Greece, of the approximately 78% self-
medicated individuals with antibiotics, 45% received the antibiotics without prescription at
least one time (Skliros et al., 2010). A survey, covered 19 European countries, on the
prevalence of antimicrobial drug SM in the previous 12 months indicated that the prevalence
of actual SM varied from 1 to 210 per 1,000, and intended SM from 73 to 449 per 1,000; both
rates were high in Eastern and Southern Europe and low in Northern and Western Europe

(Grigoryan et al., 2006).

In other countries such as USA, a very high degree of SM is reported among migrants
(Horton and Stewart, 2012). A survey conducted in South Australia on SM with OTC drugs
and complementary medications in elderly population similarly indicated increasing prevalence
from 17.7% in 2000-2001 to 35.5% in 2003-2004 (LynnYeen et al., 2009).

A relatively higher proportion of SMP is reported in various Asian countries. In India,
around 87% of professional students practiced SM (Verma et a/., 2010). In another area of
India, a community prevalence of 56% is reported (Gupta et al., 2011). On the contrary, a
study conducted in five cities of the nearby Pakistan reported 15.7 and 8.3% prevalence in
urban and rural areas, respectively (Hussain er a/, 2011). In Sri Lanka, unlike the study in
Pakistan, there was 33.9 and 35.3% prevalence of SM in urban and rural areas (Wijesinghe
et al, 2012). In other areas such as Malaysia and Nepal, prevalence rates of 77.6% among
health care professionals (Ali et al., 2012) and 59% among respondents (Shankar et al., 2002)

are reported, respectively.



Drug category used for SM are analgesics (like paracetamol, dipyrone, and aspirin);
antibiotics (amoxicillin, ampicillin, erythromycin, ciprofloxacin, chloramphenicol, cefaclor, and
amoxicillin/clavulanic acid); cough remedies; laxatives and oral rehydration salts are the
commonest drugs employed in SM (LynnYeen et a/., 2009; Togoobaatar et a/., 2010; Hussain
et al., 2011). The primary diseases that led to SM with the above drugs were headache, fever,
upper and lower respiratory tract diseases such as cough, cold and infection, Gl diseases and
skin problems (Grigoryan et al., 2006; James et al., 2006; Skliros et al., 2010; Verma et al.,
2010).

A cross-sectional study on antibiotic consumption carried out in the general population
of Mures County (Central Region of Romania) has found that 62.65% of participants (624/996
participants) considered that antibiotics are used to treat a bacterial infection and 61.45%
(612 participants) used an antibiotic at least once in the previous year, with distribution of
68.7% (rural) and 56.8% (urban) of the participants. About 10.34% of the participants used
antibiotics following recommendations from family/friends, and 22.9% used antibiotic left over
from their last prescription. Of those who consumed antibiotics (868 participants), 65.9%
consulted their physician every time before taking the medication. Furthermore, 82.3% of the
total of 996 participants considered that the use of non-prescription antibiotics has a negative
effect, and 85.14% had heard about the antibiotic resistance of bacteria (Voidazan et al.,
2019).

In Vietnam, a cross-sectional study was performed in five highland provinces with 1000
residents, and 83.3% of them had SM in the last 12 months, with a mean of SM, 4.5 times (x
SD=4.1). Female (OR=0.62, p<0.01), ethnic minorities, higher number of members having
health insurance in family (OR=0.82, p<0.01) and higher annual household income (OR=0.78,
p<0.05) were associated with the lower likelihood of “only buy medicines at pharmacy stores
when having illness in the last 12 months”. Moreover, females (OR=0.59, p<0.05), white-
collar workers (OR=0.25, p<0.01) and individuals with higher number of children in the family
(OR=0.68, p<0.05) were less likely to practice SM. People who belonging to ethnic minorities,
white-collar workers (Coef.=-0.32, p<0.01) and individuals with higher number of members
having health insurance in family practiced SM less often in the last 12 months compared to
other groups. Meanwhile, individuals having higher number of members in the family
(Coef.=0.07, p<0.01) and higher annual household income (Coef.=0.08, p<0.01) practiced
SM more often in the last 12 months (Ha et a/.,, 2019).

In 2017, a cross-sectional nationally representative household survey was carried out

biannually by National Statistical Office (Thailand). It was reported by Chanvatik et a/. (2019)
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who indicated that the one-month prevalence of antibiotic use was 7.9% for three common
conditions; flu (27.0%), fever (19.2%) and sore throat (16.8%). The majority of antibiotics
(70.3%) were provided by public or private healthcare facilities, and 26.7% by pharmacies.
Thai adults had low level of knowledge about antibiotics; only 2.6 gave correct answers to all
six statements related to antibiotics, while 13.5% gave wrong answers to all six statements.
People who had higher education level and belong to richer wealth quintiles and receive
antibiotics and antimicrobial resistance information have significantly higher levels of
knowledge about antibiotics. In the last 12 months, only 17.8% of participants had heard
information about the proper use of antibiotics and antimicrobial resistance; mostly from
doctors (36.1%), health workers (24.8%) and pharmacists (17.7%o).

A sub-study of the Indonesia Basic Health Research Study 2010 focused on 12,226
participants aged 15 years and above residing in high-risk malaria-endemic provinces showed
one in five respondents used traditional medicine for malaria symptoms. Most of the
respondents had multiple episodes of malaria infection and used traditional medicine alongside
free antimalarial drug treatments. Those participants consumed traditional medicine as SMP
for the purpose of treating the general health/common illness on daily basis (OR: 3.75, 95%
Cl: 2.93 4.79); those without a hospital in local vicinity (OR: 1.31, 95% ClI: 1.10 1.57), and
those living in poorer quality housing, were more likely to use traditional medicine for malaria

symptoms (Suswardany et al., 2017).

Among 315 residents in the United Arab Emirate population, 31.7% (n=100/315) of
the participants reported the use of non-prescription antibiotics within a three-month study
period. SM with antibiotics was significantly associated with ethnicity and employment status.
About 21.9% (n=69/315) of the participants having SMP with antibiotics had a previous
experience with the disease they treated, and this was their main reason for this behavior.
The primary sources of antibiotics were those purchased from community pharmacies (70;
22.2%) and household (21; 6.7%) (Abduelkarem et al., 2019).

As to a cross sectional study report from Ras Al-Khaimah residents of United Arab
Emirates, the prevalence of SMP among the respondents was 52.1%. A headache (155
[37.5%]) was the most common clinical condition treated through SMP. Familiarity with the
treatment/medication (198 [48%]) was the most common cited reason, whereas the
advertisement and friend’s advice were the most (182 [44%]) cited sources of information for
SM usage. The majority (265 [64.1%]) of the respondents were considered SMP as safe.

However, 19 respondents reported side-effects or complications during the due course of SM.



It was observed that there was a statistically significant association (p < 0.05) between age

and employment status of participants with SMP (Sridhar et a/., 2018).

In Tabriz (North-West of Iran), a descriptive-analytic cross-sectional study carried out
in 2017 on the population covered by the health centers of Tabriz, indicated that the incidence
of SM was 70.9% for participants who reported illness in the last month. The chance of SM
was higher in young (p=0.007) and middle aged (p=0.012) groups, and housewives
(P=0.048); and was lower among participants who were not literate (p=0.047). There was no
significant relationship between gender and SM (p=0.553). The most frequently mentioned
drugs used in SM were analgesics, cold medicines, and antibiotics, respectively. More frequent
reasons for SM were the previous experience of the disease, the assumption that the ailment

was not important, and the high cost of visits, respectively (Shaamekhi et al., 2019).

In Jordan, using an internet-based questionnaire mainly spread through social media
platforms, a descriptive cross-sectional study was conducted among 274 OTC product users
and the results showed that analgesics were the most commonly used OTC products among
the participants (50.4%). The majority used the OTC products only as needed rather than on
a regular basis. Only 42.4% of the participants sought a pharmacist's help in determining the
dose of the OTC medicine. Most of the participants were very interested in reading a patient
information leaflet (80.3%) and the side effects and contraindications (89.5%). The majority
of participants agreed that antibiotics have to be prescribed (68.5%), and anti-allergy
medications should not be used as sleep aid medications (75.0%). About 53.4% thought that
OTCs are sometimes enough to treat their health conditions without the need to follow-up
with a physician (Taybeh et al., 2020).

A community based cross-sectional study conducted in Asmara (Eritrea), in 16 selected
sub-districts (response rate: 99.5%: (N = 577)), from September to November 2017, indicated
that the prevalence of SM with antibiotics was 45.1%. The majority of participants practiced
once or twice in a period of 12 months. The main reasons were previous successful experience
(34.4%) and the illness being ‘not serious enough to seek medical care’ (25.7%). Of those
who self-medicated, 84.1% of them used amoxicillin at least once. Wound infection (17.9%)
and sore throat (13.9%) were the most self-recognized complaints that required SM.
Antibiotics were supplied and recommended mostly by the community drug outlets. Sex (p =
0.046), knowledge (p = 0.019) and attitude (p < 0.001) of the participants were significantly
associated with the practice of SM with antibiotics (Ateshim et al., 2019).



According to Bahta et a/. (2020), in Eritrea, the extent of dispensing antibiotics without
prescription was 87.6% and the most common antibiotics were ciprofloxacin (47.8%) and co-
trimoxazole (37.5%). Furthermore, 12.4% of the drug retail outlet attendants did not dispense
antibiotics because they preferred a referral to health facilities (52.6%), following
administrative restrictions not to sell antibiotics (42.1%) or did not have the necessary
antibiotics (31.6%). Private community pharmacies (AOR = 7.68, 95% CI: 1.67, 35.37; p =
0.009) and private drug shops (AOR = 10.65, 95% CI: 1.96, 57.93; p = 0.006) were more
likely to dispense antibiotics compared to the governmental community pharmacies.
Dispensing antibiotics without prescription was more likely to occur in the Maekel region (AOR

= 3.76, 95% CI: 1.19, 11.92; p =0.024) compared to the remaining regions combined.

In Ghana, a community survey was conducted at two time points, 2017 and 2018, on
1,100 randomly selected households over one year with focus on antibiotic use episodes in
the past month and showed that antibiotics were used in 585 (53.2%) households in the
month prior to the surveys. A total of 676 (21.2%) participants out of 3,193 members from
the 585 participants used antibiotics for 761 episodes of illness. Out of the 761 antibiotic use
episodes, 659 (86.6%) were used inappropriately. Paying for healthcare without health
insurance (Odds Ratio (OR): 2.10, 95% CI: 1.1-7.4, p = 0.026), not seeking healthcare from
health centers (OR: 2.4, 95% CI: 1.2-5.0, p = 0.018), or pharmacies (OR: 4.6, 95% CI: 1.7-
13.0, p = 0.003) were significantly associated with inappropriate antibiotic use (Afari-Asiedu
et al., 2020).

A cross-sectional study was conducted in 2016 on 1091 participants (age >18 years)
living in five districts in peri-urban areas of Maputo City (Mozambique) and revealed that
20.9% (228/1091) were used non-prescribed antibiotics. Most of the non-prescribed
antibiotics were purchased in pharmacies (199/228; 87.3%). The proportion of use of non-
prescribed antibiotics was higher in those who purchased from informal markets (82.6%;
14/17) and home stores (66.7%; 12/18), compared to pharmacies (24.6%; 199/810)
(p=0.000). Being male, living in the Central A, Aeroporto B or 25 de Junho neighborhoods,
purchase of antibiotics in informal markets or obtaining from home stores, not completing the
course and having poor knowledge on the use of antibiotics were significant (p<0.05). Main
reasons for use of non-prescribed antibiotics were a perception that there was no need to
attend a health facility (26.8%), followed by someone else’s advice (7.7%), symptoms similar
to a previous episode (6.2%) and poor quality of care in health facilities (6.7%) (Mate et al.,
2019).
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In Lomé (Togo) a community based cross-sectional study was conducted from March
to June 2017 among people aged 60 years and older and included a total of 370 participants
with a median age of 65 years. Almost three elderlies in five (57.6%) were multimorbid (had
two or more chronic diseases). Conventional drugs (78.4%), medicinal plants (14.3%) and
other dietary supplements (9.5%) were used by participants. The prevalence of polypharmacy
was 22.7% (95% Cl:18.5-27.3%). Concurrent use of conventional drugs and medicinal plants
or other dietary supplements was observed among 17.0% of participants and 67.3% reported
SM. Multimorbidity (AOR = 4.55; 95% CI: [2.42-8.54]) and female sex (AOR = 1.86; 95%
Cl: [1.00-3.47]) were associated with polypharmacy (Gbeasor-Komlanvi et al., 2020).

In a rural District of Kilimanjaro region (North-Eastern Tanzania), a study was done
among 300 residents from April 1%t to 28" 2017 and found that the overall SMP was 58%.
Among the antibiotics, the most commonly used drug was amoxicillin (43%) and among the
antiprotozoal drugs, metronidazole was the one used (10%). The three most common
symptoms that led participants to have SMP were cough (51.17%), headache/fever/malaria
(25.57%) and diarrhea (21.59%), respectively. The most common reasons for SMP were
urgency illness (24%), health facility charges (20.33%), proximity of pharmacy to home
(17%) and no given reason (16.66%). Almost all reported that SM is not better than seeking
medical consultation, 98% can result into harmful effects and 96% can result to drug

resistance (Horumpende et al., 2018 (b)).

In Lilongwe (Malawi) a community based cross-sectional, mixed-methods design,
study was conducted among 105 residents and found that SM with antimicrobials was a
common practice. The sources of drugs were market vendors, pharmacies, drugs shared with
friends and family, and those leftover from previous treatments. The lack of medical supplies,
long distances to health facilities, poor attitudes of medical professionals towards patients,
and past experience with the disease and treatment were the main factors that influence SM.
About 74% of individuals were unable to differentiate antimicrobials from other categories of
drugs, and 92.4% wrongly responded that antimicrobials could be used to stop a fever. Over
54% respondents wrongly believed that antimicrobials are effective in treating common colds.
About 53% reported that they would use antimicrobials to treat upper respiratory infections
(Sambakunsi et al., 2019).

In Meket District (Northeast Ethiopia), a community based cross-sectional study was
conducted among 722 adult household members from 5" April to 5" May 2017, and the overall
prevalence of SM was found to be 35.9%. The independent variables showing an association

with SM were being unmarried (AOR = 2.17, 95% CI = 1.18, 4.01), previous experience of
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SM (AOR = 1.78, 95% CI = 1.22, 2.61), accessibility of pharmacies (AOR = 3.71, 95% CI =
1.31, 10.51), peer/family pressure (AOR = 2.88, 95% ClI = 1.98, 4.18) and presence of
medication at home (AOR = 1.80, 95% CI = 1.11, 2.92) (Kassie et al., 2018).

In Jigjiga town (Eastern Ethiopia), a community based cross-sectional study was
conducted on 547 adult community members from 27" June to 12" July 2017 and the
magnitude of SM was found to be 37.5% (95% CI: (33.6%—41.7%). Educational status of
secondary school (AOR = 0.46; 95% CI: 0.22—-0.98), high income (AOR =3.00; 95% CI: 1.77—
5.06), advised by neighbors, friends or relatives to take drug for their complaint (AOR = 2.59;
95% CI: 1.62-4.14), used old prescription/past experience to bought drugs (AOR = 12.19;
95% Cl: 6.65-22.35), follow advertisements of drugs by television (AOR = 0.21; 95% CI:
0.05-0.85), and perception about that hospital drugs (clinics, health centers and hospitals) do
not work (AOR = 2.36; 95% CI: 1.39-3.99) were significantly associated with SM (Amha et
al., 2019).

At Harar City (Ethiopia), a cross-sectional study was conducted through exit interview
in selected drug outlets among 370 clients from March to April 2017. Many participants
practiced SM to alleviate their headache (30.3%), to treat their respiratory disorders (29.5%),
and to treat their gastrointestinal disorders (27%). The most common reasons for having SM
were prior experience (57.8%) and seeking less expensive service (20.5%). About 40.3% of
the participants reported pharmacy professionals were their source of information, 18.9%
were advised by neighbors, friends, or relatives, but 31.9% had no source for SM. Among
drug category, analgesic (42.2%) was the most frequently used. One-third (31.1%) of the
participants were expected to obtain counseling from pharmacy professionals on the drug side

effects and selection (Mamo et al., 2018).

A community based cross-sectional study was conducted among households at Gondar
town (Northwest Ethiopia), from March to June 2018. The overall prevalence of SMP among
households at Gondar town were 50.2%. The odds of SMP among unmarried participants
(AOR=3.12; 95% ClI: 2.35, 5.34), influenced by peer (AOR=3.58; 95% ClI: 2.89, 7.28), poor
perceived quality of health care services (AOR=4.67; 95% CIl: 2.56, 7.96) and access to
pharmacy (AOR=2.32; 95% CI: 1.65, 6.76) were higher compared with their counterparts. In
the contrary, the lesser odd was observed among knowledgeable participants about
medications (AOR=0.27; 95% CI: 0.16, 0.39) compared with non-knowledgeable (Jember et
al., 2019).
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A systematic review of SMP in Ethiopia was performed by Ayalew (2017) which
included 450 cross-sectional studies. The prevalence of SM varied from 12.8 to 77.1%, with
an average of 36.8%. The most common illnesses/symptoms of SM utilized were
fever/headache, GIT diseases, and respiratory diseases. The major reasons for SMP were
previous experience of treating a similar illness and feeling that the illness was mild.
Analgesics/antipyretics, antimicrobials, gastrointestinal drugs, and respiratory drugs were the
common drug classes used in SM. Mainly, these drugs were obtained from drug-retail outlets.

The use of SM was commonly suggested by pharmacy professionals and friends/relatives.

A systematic review and meta-analysis of observational studies, 27 studies with 9586
participants, done in Ethiopia by Sisay et al. (2018), showed that the pooled prevalence of SM
in Ethiopia was 44.0% (95% Cl: 35.1, 52.8). Geographical-based subgroup analyses revealed
that the highest prevalence was observed at the capital of Ethiopia, Addis Ababa, 62.8% (95%
Cl: 42.3, 83.2). Population based analyses indicated that healthcare professionals and
students were the main practitioners of SM. Besides, the prevalence of SMP in pregnant
women was approximately 22.9% (95% ClI: 9.8, 36). The most common reasons to practice
SM were previous experience of clients and/or familiarity of treatments, 31.3% (95% CI: 21.5,
41.1) and perceived mildness of the illness, 31.1% (95% CI: 26.0, 36.2). The pooled
prevalence of analgesics, antimicrobial agents and Gl drugs were 46.1% (95% Cl: 36.2, 56.1),
28.2% (95% Cl: 19.6, 36.8), and 14.9% (95% Cl: 7.8, 21.9), respectively.

At Assendabo town (Southwest Ethiopia), the prevalence of SMP (modern and
traditional medicines) was 39% (Suleman et a/., 2009). Around 11.4% of the participants had
at least one episode of illness within two weeks. Above 50% of the participants, improvement
in their illness was reported. Mildness of illness was a major reason for SMP. Besides, 80.6%
of self-medicating individuals had no information on drug adverse effects. In Jimma town, in
a Southwest Ethiopia’s study, the prevalence of SMP was 27.6%. Headache, and relative
cheapness of SMP were the most common illness and reason, respectively (Worku and
G/Mariam, 2003). Likewise, in Silte Zone (Ethiopia), the prevalence of SMP with antibiotics or
antimalarials was 14.5% (Wabe et a/., 2012). The income level and educational status of the
participants primarily affected the SMP. Headache, fever, and cough were the commonest

illnesses.
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CHAPTER 3. OBJECTIVE

3.1 General Objective
To assess the prevalence and determinant factors of self-medication practice in selected
households of three sub-cities of Addis Ababa, Ethiopia.

3.2 Specific Objectives

e To determine the prevalence of self-medication practice (SMP)
e To assess the level of knowledge of the participants about SMP

e To identify factors associated to SMP
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CHAPTER 4. METHODOLOGY

4.1  Study Area and Period

The current study was conducted on selected households in Addis Ababa from April to May
2016. Addis Ababa is the capital city of the Federal Democratic Republic of Ethiopia and hub
of political, economic, and cultural activities of the country. It is the headquarters of the African
Union (AU), the United Nations Economic Commission for Africa (UN-ECA) and the host for
multi-lateral funding organizations such as the World Bank, the European Commission, United
Nations Development Program (UNDP) and others. In addition, the city also gathers over 103
embassies and heads of diplomatic missions, different international, regional and sub-regional
organizations and several international Non-government Organizations (NGOs) (Addis Ababa

City Administration, 2016).

As compared to other regions of Ethiopia, Addis Ababa holds the highest concentration
of health care facilities and health professionals. Nurses share the highest number among the
estimated 10,000 health professionals that needs to cater for health-related needs of the city’s

3.3 million people (Addis Ababa City Administration, 2016).

The city is divided in 12 sub-cities and 117 woredas. There are 12 public hospitals in
the city: Tikur Anbessa hospital, St. Paul’'s hospital, Yekatit 12 hospital, Gandhi Memorial
hospital, Ras Desta hospital, Zewditu hospital, Menilik hospital, St. Peter’s hospital, Tirunesh-
Beijing hospital, Alert Center, Federal Police Referral and Army hospitals. In addition, there
are 31 private hospitals as well as many other health facilities. The health system in the city
which is also considered as the capital of Africa is a two-tier system: hospitals and health
centers (Addis Ababa City Administration, 2016).

4.2  Study Design

A community based cross-sectional study design was conducted by using semi-structured

guestionnaires to assess the objectives of this study.
4.3  Source Population

All households of the Addis Ababa sub-cities were the source population for this study.
4.4  Study Population

The selected households of the three sub-cities and available during the data collection period

were used as study population based on the sampling technique employed.
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4.5 Inclusion and Exclusion Criteria

451 Inclusion Criteria
Being a resident, preferably adult household head of Addis Ababa.
45.2 Exclusion Criteria
Those who were under 18 years of age, mentally incompetent, unable to

listen or speak well, and unwilling were not included in the study

4.6 Sample Size Determination and Sampling Technique
46.1 Sample Size Determination
The sample size was determined using the single population proportion formula (Cochran,

1963) with its components: d= 5%, margin of error; P = 0.39, the estimated proportion of

self-medication practice in Assendabo town, Ethiopia (Suleman et al., 2009) present in the

sample; ZZ—“ = 1.96, the value found in the statistical table that contains the area under the

normal curve at 95% confidence level; 5% non-response rate.; and design effect for using

multi-stage sampling taken as 1.5.

The sample size was as follows: Where no = sample size of the study

(Za/2)?P (1—-P)
0= 7z * de

(1.96)2 * 0.39(1 — 0.39)
= * 1.5
(0.05)2

no

no = 549
When consider the 10 % contingency, the minimum and final sample size was 604 residents.
4.6.2 Sampling Technique

For this study, a multistage sampling technique was used. Three Sub-cities of Addis Ababa
(Gullele, Arada and Ldeta) were selected by lottery method and the sample size was
apportioned based on the number of the households in each Sub-city. Woredas were selected
from the Sub-cities using simple random sampling. Then, the sample allocated for each
woreda was apportioned to the Woredas in the Sub-city depending on the number of
households in each woreda. The households in the woreda to be included in this study were

selected by simple random sampling. The house number of the households was used as a
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sampling frame. If one household were unwilling to participate, the next random sample would

be taken.

Table 1. Allocation of the study participants from each of the selected woredas

Sr. No. | Sub-city | Woreda | Total number of households | Sample obtained
in the woreda
1 Gulele 10 4366 46
3 5256 55
9 6470 68
8 6349 66
2 Arada 6 5810 64
7 5020 55
10 3123 35
1 2950 33
3 Ldeta 5 5874 56
1 4500 43
4 5328 51
7 3314 32

4.7 Data Collection Procedure

Ten data collectors, who were health extension workers, highly familiarized with the
households for other unrelated issues such as health education and health services in the sub-
cities, and with culturally accepted and advanced health communication skills in local
languages were recruited. Before data collection, adequate training was given for all data
collectors on the objectives of the study, significance and how to make an effective interview
with the study participants using the questionnaire. A structured questionnaire was employed
to gather the necessary information on socio-demographic characteristics, prevalence, and

determinants of self-medication practice.

4.8 Variables
48.1 Independent Variables
e The sociodemographic variables (such as: age, marital status, and ethnicity),

e The self-medication practice assessing questions (such as: Source of
information, ways of request the drug, reason of self-medication, perceived
outcome of your self-medication and symptom/disease that led to your self-

medication).
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4.9

e The knowledge assessing questions (such as: discontinue taking drugs before
the date advised, check expiry date of drugs during purchasing or before use, do
you know that some drugs could not be given with other drugs?) for the details on

the variables, refer annex | (data collection tool: questionnaire).

4.8.2 Dependent Variable

e Self-medication practice status (yes or no).

Operational Definition

Traditional medicine. The use of different types of traditional medicine practices
such as using plant materials, animal products and/or religious practices (use of holy

water for drinking and washing, use of soil or mud from a religious site, etc.).

Self-Medication (SM). The self-reported treatment of common health problems by
the study participants with modern and/or traditional medicines without direct medical
or traditional healer supervision or intervention (further it might include consultation
with pharmacists and extensive use of previous prescription drugs in the last two

months).

Knowledge on appropriate Self-Medication Practice (SMP): Respondent was
considered as knowledgeable if the respondent answered 50% or more of the
knowledge questions correctly which were associated with appropriate self-medication

practice.

Self-Medication Practice (SMP): Action by which a study participant suspects
his/her iliness and takes a drug (modern or traditional) in the last two months without

prescription from a physician.

Physician: Any person who is medically qualified to prescribe medications.

4.10 Data Analyses

Before

the actual data analyses, the data was explored for its completeness, outliers, and

missing values. Data was coded, entered and analyzed using SPSS statistical package (SPSS
Inc, Chicago, IL, software version 21). Descriptive statistical analyses (frequency, percentage,
and mean) was computed to describe findings using tables, and graphs were plotted. To
identify

the independent variables association with the dependent variable (SMP), simple and

multiple binary logistic regression analyses were done. In the simple binary logistic regression,
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all factors with p-value <0.25 were considered as candidates for the multiple binary logistic
regression. In all statistical tests, association of variables was significant if p was less than or

equal to 0.05.

4.11 Data Quality Control

The pre-structured questionnaire initially formulated in English was translated to Amharic and
pre-tested for its accuracy, completeness, and consistency two weeks prior to the actual data
collection on 31 individuals (5% of the sample size) at Kolfe Keranio Sub-city, a non-study
area. Furthermore, the coordinator and principal investigator observed and gave feedback to
the data collectors on a daily basis. Completeness, accuracy, and clarity of the collected data
were checked carefully by the principal investigators and any error was addressed on the

following day before starting next day activities.

4.12 Ethical Clearance

The proposal was reviewed for any unethical issues by the Institutional Review Board (IRB)
of Saint Paul’'s Hospital Millennium Medical College (SPHMMC). Data was collected after the
sub-cities, and woredas administrators were officially communicated. During the data
collection process, all participants’ ethical issues, privacy, confidentiality, beneficence, and
justice were adhered according to IRB guidelines. Participants’ information like name and
address were not recorded and coding was used in the questionnaires. All data was exclusively
used for the purpose of the current research. Written consent was obtained from each one of
the participants and all were clearly informed that they had the right not to participate if they

were unwilling.
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CHAPTER 5. RESULTS
5.1 Socio-demographic characteristics of study participants

A total of 604 participants were involved in this study. Of the total, 235 (38.9%) were from
Gulele sub-city (68 from woreda nine, 66 from woreda eight, 55 from woreda three and 46
from woreda ten), 187 (31.0%) were from Arada sub-city (64 from woreda six, 55 from
woreda seven, 35 from woreda ten and 33 from woreda one), and the rest, 182 (30.1%) were
from Ldeta sub-city (56 from woreda five, 51 from woreda four, 43 from woreda one and 32

from woreda seven).

The different socio-demographic characteristics of study participants are presented in
Table 2. Most of the study participants (69.9%) were female. One hundred and eighty-two
(30.1%) of the study participants were in the age group of 25-34 and the mean (£SD) age of
respondents was 41.04 (£13.45). The minimum and maximum ages of the participants were
18 and 84, respectively (the range was 66). Three hundred and fifty-eight (59.3%) of study
participants were followers of Orthodox Christianity, (26.7%) were Muslim and (11.9%) were
Protestant Christians. Two hundred and twenty-one (36.6%) of study participants were
Ambhara followed by Oromo (26.5%) and Gurage (15.7%) in their ethnicity. Most of the study
participants (67.5%) were married. The mean (£SD) monthly income of study participants
was 1654.36 (+£1284.94) birr. Two hundred and forty-five (40.6%) of the study participants
earned more than 1500 birr in a month. Two hundred and three (33.6%) of study participants
had attended higher education, followed by secondary education (27.8%) and being able to
read and write but having no formal education (24.7%). The occupation of two hundred and
thirty-one (38.2%) of study participants was employment in private organization followed by
government employee and being a house-wife (25.8 and 16.2%, respectively). The household
responsibility of majority of study participants was being mother (56.8%) followed by being a
father (23.7%).
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Table 2. Socio-demographic characteristics of study participants at Addis Ababa from April to May 2016

Variable Frequency Percent
Sub-city
Gulele 235 38.9
Arada 187 31.0
Ldeta 182 30.1
Sex
Female 422 69.9
Male 182 30.1
Marital status
Married 408 67.5
Single 109 18.0
Separated 44 7.3
Divorced 43 7.1
Age (years)
18-24 32 5.3
25-34 182 30.1
35-44 157 26.0
45-54 131 21.7
> 55 102 16.9
Religion
Orthodox Christian 358 59.3
Muslim 161 26.7
Protestant Christian 72 11.9
Others™ 13 2.2
Ethnicity
Amhara 221 36.6
Oromo 160 26.5
Gurage 95 15.7
Tigray 78 12.9
Silte 28 4.6
Others** 22 3.6
Academic status
llliterate 72 11.9
Read and write but no formal 149 24.7
education
Primary education 12 2.0
Secondary education 168 27.8
Higher education 203 33.6
House hold responsibility
Mother 343 56.8
Father 143 23.7
Child 82 13.6
Relative 36 6.0
Occupation
Private employee 231 38.2
Government employee 156 25.8
House-wife 98 16.2
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Private owned job 56 9.3
Student 25 4.1
Unemployed 25 4.1
Pension 13 2.2
Monthly income (birr)
< 500 135 22.4
500-1000 139 23.0
1001-1500 85 14.1
> 1500 245 40.6

*Catholic, Johova’s withess; **Hadya, Hadere, Kambata, Sidama, Wolayta

5.2  Self-medication practice

The finding of this study revealed that from the total 604 study participants, 456 (75.5%)
practiced SM. The source of information for those study participants who are users of modern
medicine for SM is presented in Table 3. Advice from a health professional but without
prescription covered 45.4%. Other sources of information included experience of previous
treatment (21.4%), a friend's advice (16.4%), self-decision (12.5%), and reading information

in books or on the internet (4.2%).

This study has also assessed the kind of source of modern medicine in case of those
respondents who used modern medicine for SM. The finding indicated that the source was
drug retail outlets (pharmacy and drug store) in the majority (83.3%) of the cases. Other
sources which constituted 6.8, 6.5 and 3.4%, respectively, included from a neighbor,
remnants from previous treatment and other sources like a friend, supermarket, a shop, and

from a health professional (Table 3).

Regarding the way of request of drug in case of those who obtained drugs from drug
retail outlets, the majority (54.9%) pointed out mentioning the name of the drug, followed by
disclosing any signs and symptom of their illness to the pharmacy professional (26.3%),
providing a piece of paper with the name of the drug (11.3%) and taking a drug container to
the drug retail outlet (7.5%) (Table 3).

When asked about the ailment that initiated the respondent to practice SM, the
majority mentioned headache (25.7%). Abdominal pain and cough were the second and third
most common causes of morbidity, with a frequency of 59 (12.9%) and 54 (11.89%),
respectively. Other episodes of iliness included diarrhea 43 (9.4%), toothache 39 (8.6), and
stomach pain 29 (6.4%) (Table 3).
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Table 3. Practices related to SM in Addis Ababa residents from April to May 2016.

Variable Frequency | Percent
Self-Medication status

Those Practicing SM (Yes) 456 75.5
Those did not practice SM (No) 148 24.5
Source of information about modern medicine

Health professional but without prescription 174 45.4
Experience from previous treatment 82 21.4
Friend 63 16.4
Self-decision 48 12.5
Book/internet 16 4.2
Source of modern medicines

Pharmacy/drug store 319 83.3
Neighbour 26 6.8
Remnant from previous treatment 25 6.5
Others* 13 3.4
Way of requesting medicines from pharmacy/drug store

Mentioning the name of the drug 175 54.9
Telling symptoms of disease to a pharmacy professional 84 26.3
A piece of paper with the name of the drug 36 11.3
Taking the drug container 24 7.5
Type of illness that become reason for self- medication

Headache 117 25.7
Abdominal pain 59 12.9
Cough 54 11.8
Diarrhea 43 9.4
Toothache 39 8.6
Stomachache (dyspepsia) 29 6.4
Hypertension 13 2.9
Fever 11 2.4
Eye disease 11 2.4
Constipation 9 2.0
Asthma 5 11
Combination of illnesses** 27 5.9
Others*** 39 8.9
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*Friend, shop, supermarket and health professional but by the request of respondent.

**Fever and cough, cough and headache, headache and abdominal pain, urinary tract infection and pain, cough
and joint pain, toothache and abdominal pain, disease of thyroid gland and diarrhea, headache and dyspepsia,
headache and eye disease, headache and hypertension, diarrhea and headache.

***Common cold, diabetes mellitus, urinary tract infection, sore throat, tonsillitis, joint disease, eye disease,
malaria, sinusitis, dysmenorrhea, ‘mich’, skin disease, heart disease, typhoid fever.




5.3 Reasons for not practicing SM

Out of 604 participants, 148 (24.5%) participants did not practice SM because of the following
reasons: fear of using a wrong drug (25.7%), fear of side effects of drugs (23%), fear of
wrong diagnosis of their illness (18.2%), fear of wrong use of drugs (16.9%), and absence of

any ailment in the past two months (16.2%) (Figure 1).

Percentage (%)

Nottouse  Fearof side Fear of wrong Fear of wrong | had no illness
wrong drug effects diagnosis use of drug

Figure 1. Study participant reasons for not practicing SM.

5.4 Drug groups /drug used for SM Practice

Out of those respondents who practiced SM, the majority (66.9%) had used modern medicine
followed by both modern and traditional medicine (17.1%) and traditional medicine (16.0%0)
(Figure 2).

25 1

Percentage (%)

Paracetamol NSAIDS Antacids and Antihelmenthics Antibacterials ~ Specified and Traditional ~ Combination of  Not specified
drugs that unspecified remedy d/t classes of
decrease gastric cough syrup drugs
acidity other than
antibacterials

Figure 2. Frequency of drug/drug groups used among SM practiced study participants.
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Ninety-two (20.2%) of those participants who practiced SM were known to use
paracetamol. Other medications used were traditional remedies constituting 73 (16%b),
followed by antibacterials 66 (14.5%), NSAIDs 55 (12.1%), anti-helminthes 25 (5.5%), and
anti-acids and drugs that decrease gastric acidity 24 (5.3%).

Analyses done to determine the most frequently used individual drugs indicated that
paracetamol is used by a 20.2% of those who practiced SM. Other drugs that were commonly
used for the practice included traditional remedies, diclofenac, amoxicillin, metronidazole, and
albendazole, constituting 16.0, 9.9, 6.6, 4.4 and 2.4%, respectively. A significant proportion
(31.1%) of drugs used for SM was in the category of prescription drugs (Table 4).

Table 4. Most commonly used individual drugs for self-medication and prescription category of the
drugs used in Addis Ababa from April to May 2016.

Drug/Drug type Frequency Percent
Paracetamol 91 20.0
Traditional remedies 73 16.0
Diclofenac 45 9.9
Amoxicillin 30 6.6
Metronidazole 20 4.4
Anti-acids 12 2.6
Albendazole 11 2.4
Mebendazole 9 2.0
Omeprazole 9 2.0
Ciprofloxacin 7 15
Niclosamide 6 1.3
Others* 143 31.4
Prescription category of drugs used for SMP

OTC drug 162 35.5
Prescription drug 142 31.1
Traditional remedies 73 16.0
The drug used not specified 50 11.0
Combination of both prescription and OTC 29 6.4

*Indomethacin, ibuprofen, ampicillin, insulin, chloroquine, tinidazole, vitamin B, ketoconazole, acetylsalicylic acid,
hyoscine, chloramphenicol eye drop, tetracycline eye drop, salbutamol, dextromethorphan, metformin, amlodipine,
ranitidine, hydrochlorothiazide, prednisolone, almetamine, oral rehydration salt, combination of drugs.

55 Reasons for SM Practice

Reasons for practicing SM were analyzed and shown in Table 5. Among the most common
reasons for SMP were perception of mildness of illness 216 (47.4%), previous knowledge

about the medication 106 (23.2%), and urgency use of the drug 48 (10.5%).
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Table 5. Reasons of study participants for practicing SM in Addis Ababa from April to May 2016.

Reason for SMP Frequency Percent
Minor illness 216 47.4

I know the drug before 106 23.2
Urgency case 48 10.5
Time constraint 28 6.1
Self-medication is cheap 25 5.5

I believe visiting health facility has nothing to add 10 2.2

Long wait at health facilities 10 2.2
Previous health institution visit has not produced any benefit | 10 2.2
Health facility too far 3 0.7

5.6 Treatment outcomes of SM Practice

Two hundred and seventy-five (45.5%) of those who practiced SM reported finding relief from
the illness. Seventy-nine (13.1%) reported no improvement. Seventy-two (11.9%) said they

were completely cure of their illness (Figure 3).

50,0 1

40,0 A

30,0 1

20,0 A

Percentage (%)

10,0 4

0,0 -
Cured | get relief No Get worst Other
improvement

Figure 3. Treatment outcomes of SMP of study participants.

5.7 General Status of Participants during SM Practice

Those study participants who practiced SM were asked about presence of any special
physiological and/or pathological condition during SM. The majority (64.7%) had no special

condition. Fifty-four (11.8%) were nursing mothers. Twenty-nine (6.4%) were pregnant
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during SM. The rest (17.1%) had reported presence of chronic disease like hypertension,
diabetes mellitus, HIV, and kidney disease (Figure 4).

70,0 -
60,0 1
50,0 1
400 -

30,0 A

Percentage (%)

20,0 A

10,0 A

0,0 -
Pregnant Nursing mother Chronic disease/  No special
HTN/DM/HIVICKD condition

Figure 4. General status of SM practiced study participants.

5.8 Knowledge about Appropriate SM Practice

Thirteen questions were asked in order to assess the knowledge of the respondents about
appropriate SM. Three hundred and seventy-nine (62.7%) respondents said they knew some
drugs should not be taken with other drugs simultaneously. Four hundred and eighty-five
(80.3%) said they knew the drugs that should not be taken with alcoholic drinks. Three
hundred and seventy-four (61.9%) reported they had adequate knowledge on the fact that
some drugs should not be taken with certain food items. When asked whether the study
participant knew which drugs should or should not be given to children, four hundred and
forty-eight (74.2%) said they knew which type of drugs they are dealing with (Table 6). Four
hundred and forty-one (73%) and four hundred and thirty-two (71.6%) study participants
reported they knew which drugs should not be taken by pregnant and nursing mothers,

respectively.

Three hundred and thirty-three (55.1%) study participants said they were aware of
availability of drugs that should not be taken by patients having chronic diseases. Four

hundred and twelve (68.2%) study participants reported they had no habit of discontinuing
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drug intake before the date advised by the health care provider. The majority of study
participants (81%) said they had no habit of taking drugs with alcoholic drinks. When asked
to participants whether or not they had a habit of sharing drugs with family members, friends
and/or neighbors, the majority (74.7%) answered they were not in the habit of sharing (Table
6). Study participants were asked about their belief regarding whether a same drug can be a
remedy and a poison. The majority (60.81%) said they believe a drug can be a remedy and
a poison. Three hundred and eighty-five (63.7%) of study participants said they had habit of

checking the expiry date of a drug before purchase and consumption (Table 6).

Table 6. Knowledge of study participants about appropriate SMP in Addis Ababa from April to May
2016.

Knowledge questions Yes No

N % N %

Do you know availability of drugs that should not be 379 | 62.7 | 225 | 37.3
simultaneously taken with other drugs?

Do you know availability of drugs that should not be taken with 485 | 80.3 | 119 | 19.7
alcoholic drinks?

Do you know availability of drugs that should not be taken with 374 | 61.9 | 230 | 38.1
certain types of food items?

Do you know availability of drugs that should not be given to 448 | 74.2 | 156 | 25.8
children?
Do you know availability of drugs that should not be given to 441 | 73.0 | 163 | 27.0

pregnant women?

Do you know availability of drugs that should not be taken by 333 | 55.1 | 271 | 44.9
patients having chronic disease?

Do you know availability of drugs that should be taken by 432 | 71.6 | 171 | 28.4
nursing mothers?

Do you know any drug that can be available in different dosage 483 | 80 121 | 20
forms?

Have you the habit of discontinuing drug intake before the date 132 | 31.8 | 412 | 68.2
advised by the health care provider?

Have you the habit of drinking alcohol while taking drugs? 115 | 19.0 | 489 | 81.0

Do you share drugs with family members, friends and 153 | 25.3 | 451 | 74.7
neighbours?

Do you believe that a same drug can be a remedy and a poison? | 367 | 60.8 | 237 | 39.2

Do you have the habit of checking expiry date of drugs during 385 | 63.7 | 219 | 36.3
purchase or before use?
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5.9 Level of Knowledge towards SM Practice

The level knowledge of respondents about appropriate SMP was computed from the thirteen
guestions. The minimum and maximum scores to the questions were 1 and 13, respectively.
The mean knowledge score was 9.07 with a standard deviation of 2.6. Finally, the overall
knowledge category of study participants indicated that the majority of study participants
(83.4%) had good knowledge about appropriate SM (Figure 5).

Good
knowledge
about SM, 83%

Figure 5. Knowledge of study participants about appropriate SMP.

5.10 Attitude towards SM Practice

Study participants were asked to reveal their attitude towards SMP at the time of illness. The
majority (51%) said they could agree or disagree depending on the condition and/or disease
of the patient. One hundred and ninety-seven (32.6%) agreed on the practice of SM without

any condition. A very small proportion (2%) said they had no comment (Figure 6).

60 -
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Percentage (%)
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Agree Disagree Depends onthe ~ No comment
condition of the
patient

Figure 6. Attitude of study participants towards SMP.
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5.11 Factors affecting self-medication practice

To identify factors affecting SMP, model chi-squares were utilized. According to the predicted
probabilities, logistic regression was fitted. On binary logistic regression analyses, the study
participant's income, age, and knowledge about appropriate SMP were associated with SMP.
Those study participants at the age group of 25-34 were 0.52 times less likely to practice SM
than those who were at the age group of = 55 years (COR = 0.52[95% C.1:0.29-0.92]). Those
study participants having a monthly income of 500-1000 birr were 1.67 times more likely to
practice SM than those who had a monthly income of >1500 birr (COR = 1.67(95% C.I:1.05-
2.65]). On the contrary, those study participants whose monthly income was 1001-1500 birr
were 0.40 times less likely to practice SM than those whose monthly income was >1500 birr
(COR = 0.40[95% C.1:0.19-0.84]) (Table 7).

This study also indicated that those study participants who had poor knowledge about
appropriate SM were 1.97 times more likely to practice SM than those who had good
knowledge (COR = 1.97[95% C.I: 1.24-3.12]) (Table 7). Finally, after obtaining statistically
significant variables at p < 0.05 in binary logistic regression analyses, multivariable logistic
regressions were carried out to see the independent predictors of SMP of respondents. After
adjusting for potential confounders, the monthly income of respondent and knowledge about
appropriate SMP were found to be independent predictors of SMP. Accordingly, those study
participants whose monthly income was 1001-1500 birr were less likely to practice SM than
those whose income was >1500 birr (AOR =0.34[95% C.1:0.16-0.74]). Those study
participants who had poor knowledge about appropriateness of SM were 2.04 times more
likely to practice SM than those who had good knowledge (AOR = 2.04[95% C.1:1.24-3.03])
(Table 7).
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Table 7. Factors affecting SMP in Addis Ababa, from April to May 2016.

Variables SMP Odds ratio
Yes No Crude Adjusted

N % N %
Age (years)
18-24 20 |3.31 12 1.99 1.51(0.66-3.48) 1.55(0.65-3.71)
25-34 151 | 25.00 | 31 5.13 0.52(0.29-0.92)* 0.55(0.30-1.03)
35-44 125 | 20.70 | 32 5.30 0.64(0.36-1.15) 0.69 (0.37-1.26)
45-54 87 14.41 | 44 7.29 1.27(0.72-2.24) 1.34(0.74-2.41)
>55 73 12.09 | 29 4.80 1 1
Monthly income (birr)
<500 98 16.22 | 37 6.13 1.27(0.79-2.06) 1.00(0.59-1.69)
500-1000 93 15.39 | 76 12.58 | 1.67(1.05-2.65)* 1.4(0.85-2.29)
1001-1500 76 12.58 | 9 1.49 0.40(0.19-0.84)* 0.34(0.16-0.74)*
>1500 189 | 31.29 | 56 9.27 1 1
Sex
Female 325 | 53.81 | 97 16.06 | 1.30(0.88-1.94) 0.75(0.49-1.17)
Male 131 | 21.69 | 51 8.44 1 1
Knowledge status of respondent
Good knowledge 392 | 64.90 | 112 1854 |1 1
Poor knowledge 64 10.59 | 36 5.96 1.97(1.24-3.12)* 2.04(1.24-3.33)*

*There is statistically significant association (p<0.05).
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CHAPTER 6. DISCUSSION

This study attempted to assess SMP among Addis Ababa community residents and further
analyze different associated factors that affect the practice such as, iliness for which drug was
used, the pharmacologic category of drug utilized, the reason to practice SM, and perceived

outcome of the SM.

The prevalence of SM in this study was found to be 75.5%. The three most frequently
reported ailments were headache 117 (25.7%), abdominal pain 59 (12.9%), and cough 54
(11.8%), respectively. The two main reasons for SM were mildness of illness 216 (47.4%) and
previous knowledge about the drug 106 (23.2%). Paracetamol 92 (20.2%) and traditional

remedies 73 (16%) were the two most frequently consumed medications.

According to the findings of this study, 75.5% of the study participants had practiced
SM. This is by far greater than those findings reported from other Ethiopian parts, Gondar
town (Northwest Ethiopia) (50.2%) (Jember et al., 2019), Jigjiga town (37.5%) (Amaha et
al., 2019), Harar City (Eastern Ethiopia) (57.8%) (Mamo et al, 2018), Meket district
(Northeast Ethiopia) (35.9%) (Kassie et al, 2018), three towns of North West Ethiopia,
(Teferra and Alemayehu, 2001), Sire town (27.26%) (Jaleta et al, 2016), Nekemte town
(36.7%) (Sado and Gedi, 2014), Jimma town (27.6%) (Worku and G/Mariam, 2003),
Assendabo town (39%) (Suleman et al., 2009), and Kolladiba town (62.8%) (Abraha et al.,
2014).

SMP is also more prevalent in this study in comparison to reports from students of
Mekelle University (42.67%) and students from the University of Gonder (38.5%) (Abay and
Amelo, 2010; Girma et al., 2011). However, in-line with SM practice of Pharmacy students
from Rift Valley University, Abichu campus (Addis Ababa, Ethiopia) (72.8%) (Beyene et al.,
2017), Private University Malaysia (77.6%) (Ali et al., 2012), Egypt (62.9%) (Helal and Abou-
ElWafa, 2017), and Karachi (Pakistan) (76%) (Zafar et al., 2008).

Still, it is higher than some community studies done in Pokhara valley of Nepal (38.2%)
(Paudel and Aryal, 2020), Ras Al-Khaimah, United Arab Emirate (52.1%) (Sridhar et a/., 2018),
Kilimanjaro region, North-Eastern Tanzania, (58%) (Horumpende et a/., 2018 (b)), Assam
(57.6%) (Hiyeswar et al., 2016), Barabanki (69.6%) (Keshari et a/., 2014), and Iraq (53.4%)
(Nadia et al, 2016). In a systematic review and meta-analysis of observational studies in
Ethiopia by Sisay et al (2018), geographical-based subgroup analyses revealed that the
highest prevalence was observed at the capital of Ethiopia, Addis Ababa, 62.8%.
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This study prevalence finding is more or less in line with studies conducted in Limmu
Genet (Jimma Zone, Southwest, Ethiopia) (78.1%) (Bekele et a/, 2018), Vietnam (83.3%)
(Ha et al.,, 2019), Tabriz (North-West of Iran) 70.9% (Shaamekhi et al., 2019), Khartoum
(Sudan) (81.8%) (Awad et al., 2006) and Sudan (73.9%) (Awad et a/, 2005). Further, a
systematic review on SMP in Ethiopia, all studies with cross-sectional design, done by Ayalew
(2017) revealed that the prevalence of SM varied from 12.8 to 77.1%. Therefore, the present
study finding on prevalence of SM is also in agreement with the maximum practice of SM in

the country, Ethiopia.

This variation might be due to the difference in the study population, the fact that
those study participants who used traditional remedies including herbs for SM were included
as practitioners of SM in the current study and availability of a plethora of information and
drug retail outlets in the capital city of Addis Ababa. Various studies conducted in different
locations of the world have shown a range of SM practices between 8.3 to 87% (James et al/.,
2006; Pagan et al., 2006; Verma et al., 2010; Hussain et al., 2011; Gupta et al., 2011; Ali et
al., 2012; Correa Da Silva et a/., 2012; Wijesinghe et al., 2012; Wabe et a/., 2012; Jalilian et
al., 2013).

Higher period prevalence has been reported in most of the developing countries. This
has been associated with several factors, particularly the lack of access to healthcare,
availability of antibiotics as OTC drugs, and the relatively higher prevalence of infectious
diseases (Begashaw et al., 2016). Prevalence of SM varies from region to region, with its rate
of use being driven by societal norms, personal traits, pharmacy staff, the regulatory policies
of the country, social determinants of health, beliefs, culture of the population, and variation
on recall periods used in each study (Jember et al., 2019; Eticha and Mesfin, 2014; Jha et a/.,
2013; Hughes et al., 2001; Geissler et al., 2000).

The reasons for this wide variation might be the differences in socio-demographic
characteristics of the study participants including academic status, non-availability of medical
facilities in some areas, easy availability of drugs, and types of drugs that the study intends

to identify.

The findings of this study indicated that there is a statistically significant association
between monthly income and SMP. Those study participants whose monthly income was
1001-1500 birr were less likely to practice SM than those whose monthly income was > 1500
birr (AOR = 0.34 (95% C.1:0.16%0.74). This finding is contrary to a community study carried

out in Jigjiga town, Eastern Ethiopia which showed that high income was associated with SMP

33



(Amaha et al., 2019), among Vietnamese residents in highland provinces (Ha et a/., 2019)
and also similar with the study conducted in China in four consecutive China National Health
Surveys (CNHS) (Yuefeng et al., 2012). Further, the current study differs from a study from
Kolladiba in which female respondents (70.1%), married respondents (65.2%), respondents
with the level of secondary education (35.4%), respondents who were merchants (34.7%)
and respondents who had very low income (49.4%) have been found to practice SM more

than their counterparts from their respective categories (Abraha et al., 2014).

The findings of the current study are hardly close to those from a study from Sudan
where the middle-income group has found to be more self-medicating and from a study in
Sire town where no association was obtained between SMP with sex, educational status,
occupation, and income (Jaleta et a/., 2016; Awad et al., 2005). Unlike to the current work, a
study done in Jordan by Gogazeh (2020) revealed that financial problem was the major reason
behind SMP (4.72 out of 5). The reason might have been that the low-income group in this
current study could not afford the cost of medication, that the city administration would
provide free medical service for those who could not afford the cost of health care, and

because of differences in categorization of income categories.

The current study indicated that three hundred and five (50.5%) study participants
had SMP with modern medicines. The rest used either traditional medicine alone or in
combination with modern medicine for SM purpose. This finding is almost comparable to the
finding from Kolladiba town where 51.8% of study participants used modern drugs for SM
(Abraha et al., 2014) and the SM practice of traditional remedies (16%) of this study is also
comparable to a study done among community dwelling elderly people in Lomé (Togo)
(14.3%) (Gbearsor-Komlanvi et al., 2020). However, in a study conducted in Western Nepal,
only 8.7% of participants practiced SM with herbal remedies (Shankar et a/., 2002) and also
only 1% of participants practiced SM using herbal remedies at Limmu Genet (Jimma Zone,
Southwest, Ethiopia) (Bekele et al/, 2018). The very large magnitude of involvement of
traditional medicine for SM in our study and the Kolladiba study indicate a great deal of

attention needed to be given to this area of medicine in the country.

The kind of sources of information on modern drug used for SM in this study was
health professionals advice without prescription (45.4%) and it is similar to that mentioned in
studies conducted among communities in Addis Ababa residents (Bogale et a/., 2019), Gondar
town (Northwest Ethiopia) (Jember et a/, 2019), Limmu Genet residents (Jimma Zone,
Southwest Ethiopia) (Bekele et a/., 2018), Pokhara Valley of Nepal (Paudel and Aryal, 2020),
in all Jordan regions (North, Middle, and South) (Gogazeh, 2020), United Arab Emirates
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residents (Abduelkarem et a/., 2019), and also in Mekelle town, health science students from
University of Gonder, students from Mekelle University, on the urban slum community of India,
residents from Assendabo town, and in many others studies (although it differs in magnitude
of the source) (Suleman et al., 2009; Abay and Amelo, 2010; Girma et a/., 2011; Gupta et a/.,
2011; Eticha and Mesfin, 2014).

This study finding is different from studies done at Punjab (Pakistan) (Aziz et al., 2018)
and Ras Al-Khaimah (United Arab Emirates) (Sridhar et al/, 2018) in which media
advertisements were the most common source of information for SM practice for 46.7 and
44% of the participants, respectively. Differently, in Jigjiga Town (Eastern Ethiopia) the main
source of information for practicing SM was some advice from neighbors, friends or relatives

to take drug for their complaint 138 (67.3) (Amaha et a/., 2019).

Drug retail outlets were identified as the main source of modern medicine used for SM
in this study. This study finding is similar to previous studies done in Ethiopian towns such as
Sire, Mekelle and Kolladiba (Abraha et al., 2014; Eticha and Mesfin, 2014; Jaleta et al., 2016).
Drug retail outlets were also the main source of modern medicine used for SMP in Asmara

(Eritrea) (Ateshim et al., 2019), and Maputo City (Mozambique) (Mate et al., 2019).

Moreover, significant proportions (31.1%) of modern drugs used for SM in this study
were prescription only drugs among the total self-medicated drugs. The reasons for this might
be a weak enforcement of regulations regarding drug handling and dispensing (Suleman et
al., 2009). The main reasons for SM of antibiotics in developing countries include OTC sale of
antibiotics, high cost of medical consultation, low satisfaction with medical practitioners, and
misconceptions regarding the efficacy of antibiotics (Abay and Amelo, 2010) and poor

perceived quality of health care (Jember et a/., 2019).

This study also indicated the possibility of obtaining drugs from neighbors and through
remnants from previous treatment which implies the use of low-quality drugs, development
of resistance to antimicrobials, and treatment failures. Delivering health education on the

appropriate use of drugs to the community may alleviate these problems.

In this study, the most common types of ailments that led to SM were headache
followed by abdominal pain, cough, diarrhea, and toothache. These study results are similar
to the findings from community studies performed at different Ethiopian parts as with a study
done at Gondar town (Northwest Ethiopia) which found the common ailments that led to SMP
were headache (63.1%), respiratory tract infections (cough, cold/flu) (30.9%), fever (18.9%),
Gl infections (diarrhea, vomiting) (38.9%) and dysmenorrhea (7.6%) (Jember et a/., 2019);
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in Jigjiga town (Eastern Ethiopia): Gl disease, fever, eye and skin infection, urinary tracts
infection, cough/cold and other respiratory tract infection, and headache (Amaha et a/., 2019);
in Limmu Genet town (Jimma Zone, Southwest Ethiopia): cough 54 (22.4%); fever 52
(21.7%); diarrhea 51 (20.7%); headache 36 (14.8%) (Bekele et al., 2018); in Meket District
(Northeast Ethiopia): headache/fever 217 (30.1%), respiratory tract infection 122 (16.8%),
joint pain 78 (10.8%) and eye pain 73 (10.1%) (Kassie et al., 2018).

Additionally, a study done among the general population of Ras Al-Khaimah (United
Arab Emirates), the common symptoms/illnesses treated by SMP were headache (37.5%);
fever (28.8%); cold/cough (21.5%); gastric problem (15.7%) and constipation (13.1%)
(Sridhar et al., 2018).

In a study conducted a few years ago among residents of Addis Ababa, the three most
commonly reported illnesses for which study participants sought SM were Gl disease,
headache/fever and respiratory problems (Andualem and Gebre-Mariam, 2004). A similar
study conducted in Sire town reported headache, cough and cold, and diarrhea as the three
most commonly occurring illnesses that led to SM (Jaleta et al., 2016). Headache and fever,
respiratory tract infections and gastrointestinal disorders were also the three most common
ailments that became reasons for SM in the Kolladiba study (Abraha et a/., 2014). More or
less similar ailments with different magnitude were mentioned as reasons for practicing SM in
students from Mekelle University, residents of Assendabo town, University of Gonder students,
residents of Jimma town, urban slum areas of India, university students of Brazil, and in many
communities (Suleman et al., 2009; Gupta et al., 2011; Worku and G/Mariam, 2003; Abay and
Amelo, 2010; Girma et al., 2011; Hussain et al., 2011; Shankar et al., 2002). Thus, as reported
by the different findings, headache and cough were the most common ailments for which

study participants would get treatment via SM.

The most commonly employed drug/drug classes for SM in this study were
paracetamol, followed by traditional remedies, NSAIDs, antibacterials, anthelmintics and
antiacids and other drugs that decrease gastric acidity. These findings are in agreement with
studies done at Limmu Genet town (Jimma Zone, Southwest Ethiopia), the common drugs
used for practicing SM were analgesics, antimicrobials, antihelmintics, antimalarial and
traditional medicines (Bekele et al., 2018). At Jigjiga town (Eastern Ethiopia), the drugs used
for SM were antibiotics 84 (41.0%), analgesics 56 (27.3%), antihelmintics 28 (13.7%), and
antacids 25 (12.2%) were frequently used drugs (Amha et al, 2019). In Meket District
(Northeast Ethiopia) (Kassie et al., 2018), at Punjab, Pakistan (Aziz et a/., 2018) and in all
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Jordanian regions (North, Middle and South) (Gogazeh, 2020), the analgesic/antipyretic drugs

were the most common drugs used for SM practice.

That analgesics are the most commonly employed drugs for SM in this study is in line
with study findings from Addis Ababa (where analgesics/antipyretics, antimicrobials and
gastrointestinal (GI) drugs were the three most commonly employed drug categories for SM),
Kolladiba town (where analgesics, antibiotics and GI drugs were reported as the three most
commonly employed drugs categories for SM), Sire town (where the three most commonly
employed drug categories for SM were analgesics, antibiotics and traditional remedies) and
Mekelle town (where analgesics, Gl drugs and respiratory drugs were the three most
commonly employed drug categories for SM) (Andualem and Gebre-Mariam, 2004; Abraha et
al., 2014; Eticha and Mesfin, 2014; Jaleta et a/., 2016). Similar drug/drug classes with different
magnitude were mentioned in studies conducted in Nepal, and among students at University
of Gonder and Mekelle Universities. In the Nepal study, paracetamol, NSAIDs, cold remedies,
antiacids, and herbs were the most commonly employed drug/drug classes for SMP (Shankar
et al, 2002). A study conducted among students of University of Gonder pointed out
paracetamol, NSAIDs, antacids, antihelmintics, antibiotics and antimalarial drugs as the most
commonly used drugs for SM (Abay and Amelo, 2010). The most commonly used drugs for
SM reported in the study conducted on students from Mekelle University were paracetamol,

NSAIDs, antibiotics, cough syrup, and antiacids (Girma et a/., 2011).

Our study indicated that the most commonly employed individual drugs were
paracetamol, diclofenac, amoxicillin, metronidazole and albendazole. It is worth noting that a
significant proportion of study participants (20%) employed antimicrobials for SM. Use of
antimicrobials for SM was also seen in different studies conducted in different parts of the
country. For example, 24.10%, 24.70% and 33.00% of study participants used antimicrobials
for SM in Sire, Kolladiba, and Mekelle studies, respectively (Jaleta et a/., 2016; Abraha et al.,
2014; Eticha and Mesfin, 2014). One major problem with SM with antimicrobials is the
emergence of drug resistant pathogenic microbes (Awad et al, 2005). The use of
antimicrobial agents for SM was also reported and mentioned as one public health problem in
other studies conducted in Mekelle University, Gonder University, Jimma town, Iran, Bahrain,
and Sudan, among others (Worku and G/Mariam, 2003; Abay and Amelo, 2010; Girma et a/.,
2011; James et al., 2006; Wabe et a/., 2012; Awad et al., 2005; Skliros et al., 2010).

Thus, use of prescription drugs without prescription should be discouraged and then,

appropriate health education should be provided by all concerned bodies in order to raise the
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awareness of the society on appropriate utilization of drugs, in general and antimicrobials in

particular.

The way of requesting drugs by the participants who obtained drugs from drug retail
outlets in this study was by mentioning the name of the drug in majority of the cases followed
by telling symptoms of iliness to the pharmacy professional and by showing a piece of paper
with the name of drug. The majority of self-medicating individuals (57.4%) in the Addis Ababa
study indicated a similar way of drug request for SM as the current study (Andualem and
Gebre-Mariam, 2004). Similar ways of requesting drugs were obtained in a study conducted
at Mekelle town where the majority (20.8%) requested drugs by telling illness symptoms
(Eticha and Mesfin, 2014).

A study conducted in India indicated that the majority of respondents were requested
by explaining symptoms of illness (Gupta et al/., 2011). Whereas the majority of participants
practicing SM from Assendabo town study reported worsening of their condition, in our study
the majority (60.5%) reported relief from their illness. In contrast to the finding of our study,
82.3% of study participants who practiced SM in the Mekelle study showed improvement in

their disease symptoms due to the use of the drug (Eticha and Mesfin, 2014).

Regarding reasons of respondents for choosing SM, the majority of study participants
in the current study pointed perception of mildness of illness (47.4%) followed by previous
knowledge about the medication (23.2%) and urgency use of the drug (10.5%). This study
reasons’ of SMP are in agreement with a study performed at Gondar town (Northwest Ethiopia)
whose participants reported that the common three reasons for their households SMPs were
severity of illnesses (44.8%), emergency cases (35.3%), and reducing medical cost (17%)
(Jember et al., 2019). In a study on Meket district (Northeast Ethiopia) (Kassie et al., 2018),
the main reasons were perceptions of illness as mild 130 (50.19%), similarity of symptoms
with previous illnesses 36 (13.9%) and inability to afford health care fee 33 (12.74%).
Moreover, our findings are in line with those from a study performed at Asmara community
(Eritrea) by Ateshim et al. (2019) who reported that previous successful experience, mildness
of illness, and urgency/to get quick relief were the three common reasons for SM with

antibiotics.

This finding is more or less similar to the finding from Sire town where study
participants mentioned reduced cost of SM, mildness of illness, the urgent nature of the case,
and previous experience with drug used as the top four reasons for SM (Jaleta et al., 2016).

Further, it is similar to a study done in all Jordanian regions (North, Middle and South), where
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the three common reasons of SMP were financial problems, previous similar complaints, and

trusting pharmacist and pharmaceutical services (Gogazeh, 2020).

Our study indicates that those participants who had poor knowledge about appropriate
SM were 2.04 times more likely to practice SM than those who had good knowledge (AOR =
2.04[95% C.1:1.24-3.03]). Our study finding is similar to that of the study done among
selected households at Gondar town (Northwest Ethiopia) whose participants non-
knowledgeable on medicines were observed to have SMP compared to their counterparts
(Jember et al., 2019). A study carried out on selected households living in five districts in peri-
urban areas of Maputo City (Mozambique) showed that having poor knowledge on the use of
antibiotics (p<0.001; OR =2.60) was associated to SMP with antibiotics (Mate et al., 2019).
Likewise, the finding of our study is also in line with a community based cross sectional study
carried out at Asmara (Eritrea) which indicated that non-knowledgeable participants on
antibiotics were 2.13 times at odds of practicing SM (Ateshim et al., 2019). The reason for
this might lie in the fact that those community members who had good knowledge about
appropriate SMP preferred to consult a physician before practicing SM or/and might fear the

bad adverse drug reactions during SM.

The findings of the current study indicate that a significant proportion of self-
medicating individuals were pregnhant (6.4%), nursing mothers (11.8%) or had a chronic
disease(s) (17.1%). This is in line with the finding from Addis Ababa where a significant
percent of SM individuals was pregnant (6.1%), breast-feeding (6.7%), or had a chronic
disease(s) (87.2%) (Andualem and Gebre-Mariam, 2004). This might be due to reduced
awareness or lack of knowledge of participants about teratogenic potential of drugs, effect of
drugs on nursing an infant and the effect of drugs on other drugs that are taken for treatment

of other diseases.

In this study, the majority of participants (51%) said they might agree or disagree to
practice SM depending on the illness and the drug used for treatment followed by agreement
(32.6%) and disagreement (14.4%) with SMP. Similar to this study finding on the participants
agreement towards SMP, at Jigjiga town (Eastern Ethiopia), among the community members
of the selected households, about 29.3% of them agreed practicing SM while the rest, 70.7%,
did not (Amha et al, 2019). This study finding differs from that of a study done in a rural
District of Kilimanjaro region (Northeastern Tanzania), in which almost all 300 residents
thought SM was not better than seeking medical consultation (Horumpende et al., 2018 (b)).
Even though this current finding is contrary to the finding from Gonder University students,

where 55.5% agreed with SMP, it is in agreement with the finding from Mekelle University
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students where only 36.7% agreed to the practice of SM (Abay and Amelo, 2010; Girma et
al., 2011).

The finding from a study in Bahrain indicated that the majority (76.9%) of respondents
had a positive attitude favoring SM (James et a/., 2006). This difference in attitude towards
SM from place-to-place might be due to differences in access to information about medicines,

different types of study participants and access to medicines.
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CHAPTER 7. STRENGTH and LIMITATIONS of THE STUDY
7.1  Strength of the study

The strengths of this study are: a) an adequate sample size that represents the Addis Ababa
community by using appropriate sampling techniques, and b) utilization of appropriate

statistical methods and tests to minimize biases and analyze the data.
7.2  Limitations of the study

Possible limitations of this study are: a) Recall bias and provision of socially acceptable
responses by the study participants, and b) potential variation in interviewer techniques that
lead to unique responses. To minimize the recall bias, proper definition and articulation of the
research question, administering the interview properly and consistently, and shortening the
recall period to two months were done. To minimize the possibility of providing socially
acceptable responses, the study participants were assured about the confidentiality of the
information they provide and declared in the research consent form every answer they provide
was valuable. Moreover, potential variation in the interviewer technique that might have
elicited unique responses was minimized by assigning supervisors to follow the data collection
process and make corrections for any errors. Questions were also made possibly neutral in
tone and placed in logical order, and interviewers were advised to continually practice and

refine their interviewing techniques.
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CHAPTER 8. CONCLUSION

The majority of the study participants had practiced SM. Their common reasons for this
practice were mildness of illness, previous knowledge about the drug, and urgencies of the
illness. The most typical sources of drug information about the available modern drugs for
SMP were consultation by a health professional, drug experience from previous treatment,
and friends. Drug retail outlets were the main sources for obtaining drugs. Headache,
abdominal pain, cough, diarrhea, and toothache were the main ailments of the participants
that took to SM and their respective frequently used drugs were paracetamol, traditional
remedies, NSAIDs, antibacterials, and antihelmintics. Monthly income and knowledge about

appropriate SM were both significantly associated with SMP.

CHAPTER 9. RECOMMENDATIONS

Although appropriate SMP is one of the components of self-care adopted by the WHO, its
irrational use is very likely to bring serious health consequences as observed in this current
study. Therefore, based on the findings of this study, we recommend to the drug regulatory
and health authorities to allocate some resources to provide health information on SMP (such
as proper time, type of drugs, and advantages and disadvantages of SM), enforce rules
determining drug prescription and dispensing, and to increase awareness among community
members on antimicrobial drug resistance and its public health impact. In the future, this kind
of study should be performed in various seasons and for longer periods. In any educational
programs on drugs, the involvement and active participation of pharmacy professionals to
fight against the negative consequences of SMP and educate people looking for SM should be

considered.
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PART-TWO:

Self-medication practice with antibiotics by adult patients who
are suspected of Urinary Tract Infections in Addis Ababa

community
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CHAPTER 1. INTRODUCTION
1.1Background

Urinary tract infection (UTI) is a spectrum of diseases caused by microbial invasion of the
genitourinary tract (Khadka et a/., 2012). It may involve the lower urinary tract or both the
lower and upper urinary tracts (Sobel and Kaye, 2010). UTIs are classified as either
symptomatic or asymptomatic. The definition of a symptomatic UTI generally requires the
presence of urinary tract-specific symptoms in the setting of significant bacteriuria with a
quantitative count of >10° colony forming units of bacteria per milliliter (cfu/mL) in one urine
specimen (Nicolle et a/., 2005; 2001).

Symptomatic UTIs are divided into lower tract (acute cystitis) or upper tract (acute
pyelonephritis) infections. Cystitis is defined as significant bacteriuria with associated bladder
mucosal invasion, whereas pyelonephritis is defined as significant bacteriuria with associated
inflammation of the renal parenchyma, calices and pelvis (Connolly and Thorp, 1999).
Asymptomatic bacteriuria is defined as the presence of bacteria in the urine, without clinical

signs or symptoms suggestive of a UTI (Nicolle et a/., 2005).

Worldwide, UTIs are some of the most commonly occurring infections and affecting
approximately 150 million people each year (Flores-Mireles et a/, 2015). UTIs are among
clinical practice's most common and recurrent bacterial infections and account for one-third
of all community-acquired or nosocomial infections (Foxman, 2010). The associated cost of
healthcare is enormous, accounting for EUR 661 million in direct costs for treating and EUR
939 million in indirect costs, totaling EUR 1.6 billion annually (Foxman, 2002). However, UTIs
are significantly understudied (Losada et al., 2016). It is worth highlighting some facts such
as an estimated 50% of women have reported having had a UTI at some point in their lives
and 8.3 million office visits and more than 1 million hospitalizations have come at an overall
annual cost of more than $1 billion (Michno et al,, 2018). The factors identified and showing
an association with high prevalence of UTI within the population include age, gender, sexual
activity, contraceptive use, previous history of UTI, indwelling catheter equipment and hygiene
problems (Shatalov, 2015; Seifu and Gebissa, 2018; Kashef et a/., 2010). Other risk factors
for UTI include low educational level, low immunity, employment status, incomplete bladder

emptying, bladder dysfunction, and prostate syndrome (Kebamo et al., 2017).

The source of UTI pathogens is generally considered to be the patient’'s own flora.
Urinary tract infections are preceded by colonization of the vagina and periurethral area by

uropathogens from the Gl tract (Hilbert, 2011). In several studies, Gram-negative bacteria
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are responsible for 80—-85% of UTIs and major causative organisms are E£. coli (75-87%)
followed by Klebsiella spp, Citrobacter spp, Enterobacter spp, Pseudomonas and Proteus spp
and also caused by Gram-positive pathogens, such as Enterococcus faecalis and
Staphylococcus saprophyticus (Flores-Mireles et al., 2015; Rampure et al., 2013; Thakur et
al., 2013; Gupta et al., 2011). Women are much more susceptible than men to community-
acquired UTIs, in part, due to the female anatomy in that a much shorter urethra allows
pathogens easier access to the bladder (Ronald, 2003). Moreover, UTIs would be more

frequent in diabetic patients (Kamoun et al., 2013).

Escherichia coliis reported as one of the most common organisms found in the genital
tract of non-pregnant (9-28%) and pregnant women (24-31%). The possible reason why
Escherichia coli is the most prevalent in most of the studies is its commonness as a urinary
pathogen (Behzadi et &/, 2010). Vaginal £. coli strains are considered to be a reservoir for
vaginal and/or endocervical colonization in pregnant women, and an important step in the
development of urinary tract, intra-amniotic and puerperal infections through ‘fecal-vaginal-

urinary/neonatal’ transmission (Haider et a/., 2010; Hamdan et a/., 2011).

UTI is an extremely common condition that occurs in both males and females of all
ages. The prevalence and incidence of infection are higher in women than in men, which are
likely the result of several clinical factors including anatomical differences, hormonal effects,
and behavior patterns (Griebling, 2009). UTI are not only common, but also highly recurrent.
In particular, sexually active women, the elderly and pre-pubertal children are highly
susceptible to chronically recurrent UTI, resulting in increased use of antibiotics and negatively

affecting quality of life (Foxman, 2002).

1.2 Statement of the problem

The most influential factors for antibiotic resistance crisis are inappropriate antibiotics use,
over dosage and self-medication with antibiotics (Rather et al., 2017; Piddock et a/., 2016).
About 80% of antibiotics are used in the community and the rest are used in hospitals
(Kotwani and Holloway, 2011; Cars et al., 2001; Wise et al., 1998). It is estimated that 20-
50% of all antibiotics use is inappropriate (Cizman, 2003). The increased and inappropriate
use of antibiotics has serious implications since it contributes to selective pressure, favoring
the development antibiotic resistance (Vila, 2010; Dougherty and Pucci, 2014). Several study
reports and reviews indicated the existence of correlation between antibiotic use and bacterial
resistance (Stein et al.,, 2018; Anyanechi and Saheeb, 2014; Chon et al., 2012; Davies and
Davies, 2010).
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Antibiotic resistance involves a significant economic burden worldwide (Ahmed et a/.,
2019). Annually, there is an estimation of 700,000 lives lost due to antimicrobial resistance.
This is further projected to the mortality of at least of 10 million lives by the coming 2050
(Williams, 2016) and by 2030, antimicrobial resistance may lead to poverty among 24 million
people in the world (WHO, 2019). It is also important to note that there have not been many
new discoveries of antibiotics to combat the antibiotic resistant pathogens (Piddock, 2012;
Bartlett et a/, 2013; WHO, 2014).

SM with antibiotics is prevalent in developing countries, including Africa (Ethiopia) and
is considered as a global health problem (Morgan et a/., 2011; Mahmoud et a/., 2020). The
causes of non-prescription sales of antibiotics for the purpose of SM possibly could vary from
country to country due to different underlying contexts (Gebretekle and Serbessa, 2016). The
purchase of antimicrobial drugs without prescription is estimated to be 58% in Asia, 47% in
Southern Europe, 30% in Eastern Europe, 25% in South America, 39% in Middle East (Morgan
et al.,, 2011). However, appropriateness of SM is not much known. Therefore, a certain level

of knowledge and health orientation is needy to make it responsible SM (Afolabi et a/., 2008).

The use of antibiotics to treat malaria is one of the worst scenarios of SM with
antibiotics (Ajibola et al.,, 2018). Additionally, one of the misuses of antibiotics is treating
patients following rise in body temperature/fever (= 37°C) symptom developed which is

common to many clinical diseases (Salgado et al., 2016).

Males were more exposed to SM with antibacterial drugs compared to their female
counterpart (Sunny et al., 2019). Predictors of SM of antimicrobials included age, female
gender, previous experience with antimicrobials, severity of illness, patient education, advice
from friends, and socioeconomic status (Ocan et a/., 2015; Al Rasheed et al., 2016). Further,
factors such as health-care utilization, the proximity of pharmacies, and increased waiting time
in health-care facilities, also appear to be significantly associated with SM of antimicrobials
(Gebrekirstos et al., 2017; Al Rasheed et al., 2016).

However, little was known about the association of previous SM with antibiotics and
the drug resistance bacteria development among UTIs suspected patients in the study settings
in Addis Ababa, Ethiopia. Therefore, this study was conducted to describe the experience of
ASMP of the study patients, the causative bacteria identified from the urine sample, the
antibiogram of the culture sensitivity test, and other associated factors from the clinical data

and sociodemographic profiles of the study patients regarding SM with antibiotics.
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1.3 Significance of the study

In this study, the findings are crucial to raise the awareness on the dangers of ASMP in the
population and enforce the current law of antibiotics to be used under prescription order from
physician doctors. These study findings could generate information on timely status of the
drug resistance bacteria induced UTIs and identify the impact of ASM on the development of

drug resistance.

National and international organizations that work on antibiotic drug resistance could
utilize this study finding to set cost effective interventional strategies such as educational

training (small group, peer run, use of opinion leaders, and different materials).
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CHAPTER 2. LITERATURE REVIEW
2.1 Antibiotic self-medication Practice

A study conducted in India showed that SM with antibiotics was reported by 42.3% of the
participants prescribed by pharmacists at some point in their lives. The majority of participants
(61.8 and 75.5%) of the sample thought antibiotics have antiviral and analgesic effect,
respectively. About 67.3, 38 and 54.7% of participants thought antibiotics should be
prescribed post-extraction, should be taken before any dental work and knew that antibiotics
have side effects, respectively. The majority of participants (74.5%) knew that unnecessary
use of antibiotics makes them ineffective leading to antibiotic resistance. In the sample, a
90.7% believed it was important to complete the course of antibiotics prescribed by dentist

but 43% used to discontinue antibiotics on feeling better (Sohail et al., 2020).

A study report from Sir Salimullah Medical College Mitford Hospital in Dhaka revealed
that a total 607 (17.56%) microorganism were isolated from 3455 urine samples. Among
them, the majority of cases 189 (31.14%) were female and 19-45 was the most common age
group. The most predominant organism was £Escherichia coli (86.32%) followed by
Pseudomonas (4.45%), Klebsiella (3.62%), Proteus (2.31%) and as Gram-positive organisms
Staphylococcus (0.82) and Enterococcus (0.49%) stand out. Escherichia coli was highly
resistant to amoxyclav (82.63%) followed by cephradine (75.19%), ciprofloxacin (73.28%)
and highly sensitive to imipenem (3.05%). Pseudomonas showed high degree resistance to
cefixime (92.59%), ceftriaxone (88.89%) and sensitivity to imipenem (25.62%), meropenem
(25.93%) (Akter et al., 2020).

Of 2160 dental patients, over a third of the study population (39.7%) admitted to the
practice of ASM. Most of the respondents (58.4%) who indulged in SM were females, and it
was prevalent in the older adults between 32—-42 years old (36%). There was a negative
correlation between age and SMP (p < 0.001) observed with point biserial correlation test.
Binary logistic regression analyses found an odds ratio of 0.97 (p < 0.001). The most
consumed antibiotics were amoxicillin/clavulanic acid (52%), amoxicillin (31.1%), and
azithromycin (10.1%). It is imperative to educate patients about the harmful effects of SM
and to stress the need for governments to implement stricter laws on non-prescription drug

availability (Aragoneses et al., 2021).

In patients attending the El-Mahsama family practice center, which serves a rural
community in Ismailia governorate in Egypt, frequency of SM among the study sample has

reached 96%. More than half of the participants (53.6%) reported that the first reason behind
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using SM was cost saving. Meanwhile, the most prevalent conditions that make them use
these medications by themselves were headaches (17%), aches and pain (other than
headache) (39.2%), and fevers (11.8%). The most frequent self-administered drugs were
analgesics (59.5%) and antibiotics (23.5%) (Zeid et al., 2020).

In Hawassa (Ethiopia), among patients attending adult outpatient department at
Hawassa University Comprehensive Specialized Hospital, the overall prevalence of
symptomatic UTI was 32.8% (95% CI: 28.3-37.6). The predominant isolated bacteria were
E. coli 46 (36.2%) followed by S. aureus 21 (16.5%). Gram-negative bacteria were highly
resistant to ampicillin (71.4%), and tetracycline (68.2%). Gram-positive bacteria were highly
resistant to norfloxacin (77.7%). The overall prevalence of multi-drug resistant isolates was
102 (80.3%). Being female, being not formally educated, and possessing SM history were

more likely associated with UTI (Mechal et a/., 2021).

Regarding a study conducted among 279 patients at Kiruddu National Referral Hospital
Kampala (Uganda), in which the majority were females and from the outpatient department,
overall, 212 (76%) participants had taken an antibiotic in the past 6 months, and some 22.2%
(n=47) of the participants had practiced SM. Male participants and Muslims were more likely
to self-medicate. Employees and patients with tertiary education were less likely to practice
SM. About 33% (n=70) of the participants had not completed treatment dosage during their
last course of antibiotic treatment because of feeling better (60%, n=42), lack of money to
purchase the medication (15.7%, n=11) and side effects (10%, n=7). Whereas 169
participants (79.7%) believed that not completing treatment would have an impact on their
personal health, only 96 participants (45.3%) believed that this behaviour could affect the
health of others (Nabaweesi et a/., 2021).

In a study done at Soba (Khartoum, Khartoum state, Khartoum, Sudan), it was found
that 340 (100%) respondents practiced SM. The principal for seeking self-medication included
Malaria as reported by 165 people (17.4%) followed by diarrhea (162 people) (17.1%). Drugs
commonly used for SM included antibiotics (35.9%) followed by analgesics (31.8%). Among
reasons for seeking SM, about 237 persons (50%) cited cost-effectiveness as the primary
reason, as well as flexibility of pharmacies in place and time, 251 (37.9%) found pharmacists
their sources of medicine information, followed by doctors 176 (26.5%). For these reasons
214 (62.9%) used repeated prescriptions, some people go to herbal remedy, included cough
as reported by 137 (20.12%), followed by cold (17.9%) (Isameldin et a/., 2020).
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In a study report including 504 patients and their relatives visiting the General Hospital,
Karaikal, 33.9% of them reported SM with antimicrobials in the past 6 months with prevalence
significantly affected by male gender (adjusted odds ratio [OR] = 1.83; 95% confidence
interval [CI]: 1.2-2.79), a preference for SM with antimicrobials during minor illnesses
(adjusted OR = 3.05; 95% CI: 1.77-5.25) and a history of SM with antimicrobials among
family members (adjusted OR = 3.43; 95% CI: 2.16-5.43). The most commonly
self-prescribed drug was amoxicillin (55.2%) and the antimicrobials were mostly obtained
from pharmacies (91.8%). Self-prescribed antimicrobials were commonly used to treat cold,
cough, and fever. The reasons for SM with antimicrobials were easiness to do so (32.2%), to
save their time (35.7%) and money (32.2%) (Moktan and Shehnaz, 2020).

In Nigeria’s study, about 374 (46.8%) of 800 outpatient clinic visiting patients had self-
medicated with antibiotics 6 months preceding the study with commonly used drugs such as
ampicillin/cloxacillin (31.3%) and amoxycillin (24.8%). Respiratory tract conditions were the
most common reasons for taking antibiotics, 100 (27.2%). The primary reason for SM was
the availability of the drug at the local drug store. Being divorced or widowed (AOR 0.302,
95% Cl 0.117-0.781, p = 0.01) and age > 70 years (AOR 0.18, 95% Cl 0.04-0.84, p = 0.03)
were significantly and negatively associated with ASM (Tobin and Atulomah, 2020).

Approximately 34.9% of the 384 selected visitors of Central Polyclinic of Kabul
(Afghanistan), self-medicated with antibiotics in the past 12 months. Amoxicillin was the most
common antibiotic used for SM. The sore throat was a common health problem, and previous
experience was the source of recommendation for SM. The most common reasons for SM with

antibiotics were cost-saving, previous experience, and lack of time (Negarandeh et a/., 2021).

In Malaysia's study, about 50% of 270 patients had moderate knowledge on
antibiotics. The knowledge and attitude on antibiotics usage exhibited a significant difference
(p=0.001) amongst these patients in association with literacy. The results showed that the
literate respondents had significant knowledge on the identification of antibiotics (p=0.021),
their roles, and adverse effects (p=0.004). The attitude of the respondents towards following

the prescription was significantly associated with their literacy (p=0.004) (Hanish et a/., 2021).

According to Mazzariol et al. review (2017), the increased prevalence of multi-drug
resistant (MDR) Enterobacteriaceae, the limiting available treatment options for infections
caused by these organisms and the lack of new antibiotics provide a good rationale for using
older antibiotics, such as fosfomycin, that have been shown to retain some activity against
MDR bacteria.
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In the Middle East’'s systematic review (Alhomouda et a/., 2017), the prevalence of
SMA was from 19 to 82%. The main determinants of SMA were age, sex, and educational and
income levels of the individuals. Broadly, the most cited reasons for SMA were sociocultural,
economic, and regulatory factors. Penicillins were the antibiotics most commonly used. The
antibiotics were obtained mainly via stored leftover drugs, pharmacies without prescriptions,
and friends/relatives. SMA was mainly for upper respiratory tract problems. The primary
sources of drug information were relatives/friends and previous successful experience.
Inappropriate drug use such as wrong indication, short and long duration of treatment, sharing

of antibiotics, and storing antibiotics at home for use at a later time were reported.

SMA is a common practice among Haitian patients. Among 200 outpatients in Haiti,
45.5% of them practiced SMA. ASMP was less prevalent among patients with the highest
education level (23.1%; OR: 0.89 (0.5-1.75), p = 0.001). Mild symptoms (28.6%) and vaginal
itching (44.4%) were the main reasons for SMA. SM using amoxicillin was reported by 67%.
Amoxicillin for UTIs is the most commonly used medication. In Haiti, marketing OTC antibiotics

is illegal, but most patients buy non-prescribed antibiotics in pharmacies (Moise et al., 2017).

In Ghana, a study performed at two health facilities showed that of the total 261
participants enrolled, 19.9% of them acknowledged using antibiotics prior to their visit to the
laboratory. However, about 31% of the participants’ urine samples were positive for
antimicrobial activity. Age intervals (20-30, 31-40 and 41-50 years) of the participants had
significant association and lower odds of urine antimicrobial activity. Participants who had
urine antimicrobial activity were more likely to have no growth on their culture plates than
participants who had no urine antimicrobial activity [OR 2.39(1.37-4.18), p = 0.002]. The
most commonly used antibiotics were the penicillins, fluoroquinolones and metronidazole.
Although, majority of the participants (54.8%) had knowledge towards antibiotics, most of
them had inadequate information on their proper use. The commonest indications for
antibiotic use were aches and pains (30.3%), diarrhea (43.3%) and urinary tract infections
(28.0%). Prior antibiotic use was found to increase the likelihood of obtaining a culture

negative result and could affect the outcome of bacteriological tests (Donkor et al., 2019).

Among 1,007 episodes of complicated UTIs, 97 (9.6%) were due to P. aeruginosa.
Resistance rates of P. aeruginosa were: antipseudomonal cephalosporins 35 of 97 (36.1%),
aminoglycosides 30 of 97 (30.9%), piperacillin-tazobactam 21 of 97 (21.6%),
fluoroquinolones 43 of 97 (44.3%), and carbapenems 28 of 97 (28.8%). The multidrug
resistance rate was 28 of 97 (28.8%). Independent risk factors for P. aeruginosa complicated
UTI were male sex (OR 2.61, 95% CI 1.60-4.27), steroid therapy (OR 2.40, 95% CI 1.10-
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5.27), bedridden functional status (OR 1.79, 95% CI 0.99-3.25), antibiotic treatment within
the previous 30 days (OR 2.34, 95% CI 1.38-3.94), indwelling urinary catheter (OR 2.41,
95% CI 1.43-4.08), and procedures that anatomically modified the urinary tract (OR 2.01,
95% CI 1.04-3.87). Independent risk factors for multidrug resistance rate P. aeruginosa cUTI
were age (OR 0.96, 95% CI 0.93-0.99) and anatomical urinary tract modification (OR 4.75,
95% Cl 1.06-21.26). Readmission was higher in P. aeruginosa complicated UTI (CUTI)
patients than in other etiologies (23 of 97 [23.7%] vs 144 of 910 [15.8%], p = 0.04), while
30-day mortality was not significantly different (7 of 97 [7.2%] vs 77 of 910 [8.5%], p = 0.6)
(Gomila et al., 2018).

In Pakistan, self-medication with antibiotics was self-reported by 135(527) participants
(26%), with a higher prevalence of men than women (48% vs 38%, respectively). The main
reason for SM was previous experience with the same antibiotic (68%). The most commonly
used antibiotics were amoxicillin-clavulanic acid (40%) and major indications for self-
medication were sore throat (29%) and flu (24%). Of the 527 respondents, only 104 (20%)

were aware of antimicrobial resistance (Shabnam and Azim, 2015).

Of 300 patients attended Dalhatu Araf Specialist Hospital (Lafia Nasarawa State,
Nigeria), 180 (60%) of them were positive for UTl. The most common organisms were
Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, and Proteus mirabilis. In
vitro antibiotic susceptibility tests revealed that the Gram-negatives bacteria were sensitive to
qguinolones (ofloxacin, ciprofloxacin, pefloxacin) and erythromycin, while the Gram-positive
isolates were sensitive to lincomycin, erythromycin and quinolones (ofloxacin, ciprofloxacin,
pefloxacin) (Kolawole et al., 2009). In another study done in Nepal, the reported positive rate
of UTI among Nepalese patients attending general hospitals ranged from 23.1 to 37.4% (Rai
et al., 2008).

A total of 347 £. coliisolates were collected from urine samples of community-acquired
uncomplicated UTls patients. The susceptibility rates of antibiotics were as follows: amikacin
100% (347), imipenem 100% (347), ciprofloxacin 57.1% (198), cefotaxime 74.9% (260),
ampicillin 30% (104), trimethoprim/sulfamethoxazole 66.9% (232), and fosfomycin 98%
(340). All fosfomycin-resistant £. coli isolates were extended-spectrum beta-lactamase
(ESBL)-producing. In 85 cases of ESBL-producing £. coli, the fosfomycin susceptibility rate
was 91.8% (78/85) (Choe et al., 2017).

In a meta-analysis study done on developing countries by Ocan et a/., (2015), a total

of 34 studies involving 31,340 participants were included, and the overall prevalence of
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antimicrobial self-medication was 38.8% (95% CIl: 29.5-48.1). Most studies assessed non-
prescription use of antibacterial (17/34: 50%) and antimalarial (5/34: 14.7%) agents. The
common disease symptoms managed were, respiratory (50%), fever (47%) and Gl (45%).
The major sources of antimicrobials included, pharmacies (65.5%), leftover drugs (50%) and
drug shops (37.5%). Twelve (12) studies reported inappropriate drug use; not completing
dose (6/12) and sharing of medicines (4/12). The main determinants of antimicrobial self-
medication include, level of education, age, gender, past successful use, severity of illness
and income. Reported negative outcomes of antimicrobial self-medication included allergies
(2/34: 5.9%), lack of cure (4/34: 11.8%) and causing death (2/34: 5.9%). The commonly

reported positive outcome was recovery from illness (4/34: 11.8%).

Uncomplicated UTI is one of the most common indications for antibiotic use in the
community. However, the Gram-negative organisms that can cause the infection are becoming
more resistant to antibiotics. Many multidrug resistant organisms retain susceptibility to two
old antibiotics, nitrofurantoin and fosfomycin. Advantages over newer drugs include their high
urinary concentrations and minimal toxicity. Fosfomycin is a potential treatment option for
patients with uncomplicated UTI due to resistant organisms. Nitrofurantoin may be more

effective and can be used for urinary infections in pregnant women (Gardiner et al/., 2019).

In a Nigerian study (Akingbade et al., 2014), Escherichia coliisolates obtained shows
high resistance to cloxacillin (92.5%), amoxicillin (90.8%), ampicillin (90.8%), erythromycin
(75.8%), cotrimoxazole (70%), streptomycin (70.0%) and tetracycline (68.3%) while 85.8
and 84.2% were susceptible to gentamycin and ceftazidime, respectively. Sixteen Escherichia
coli strains were observed to be resistant to more than two classes of antibiotics. The resistant
plasmid DNA was detectable in 6 (37.5%) of the 16 MDR Escherichia coli having single sized
plasmids of the same weight 854 bp and were all resistant to erythromycin, cefuroxime,

cloxacillin, amoxicillin, ampicillin and cotrimoxazole.

About 137 of 469 patients who met the criteria of UTI had a positive urine culture. A
MDR pathogen was found in 36.5% of these. Overall susceptibility was less than 85% for
standard antimicrobial agents. Logistic regression identified residence in nursing homes, male
gender, hospitalization within the last 30 days, renal transplantation, antibiotic treatment
within the last 30 days, indwelling urinary catheter and recurrent UTI as risk factors for MDR
or any of these resistances. For patients with no risk factors, ciprofloxacin had 90%, pip/taz
88%, gentamicin 95%, cefuroxime 98%, cefpodoxime 98% and ceftazidime 100%
susceptibility. For patients with one risk factor ciprofloxacin had 80%, Pip/taz 80%, gentamicin

88%, cefuroxime 78%, cefpodoxime 78% and ceftazidime 83% susceptibility. For two or more
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risk factors, ciprofloxacin drops its susceptibility to 52%, cefuroxime to 54% and cefpodoxime
to 61%. Pip/taz, gentamicin and ceftazidime remain at 75% and 77%, respectively (Bischoff
et al., 2018).

2.2 Treatment of UTlIs

Urine culture is the gold standard for detection of UTI. However, asymptomatic bacteriuria is
common, particularly in older women, and should not be treated with antibiotics. Conversely,
in symptomatic women, even growth as low as 10? colony-forming unit/mL could reflect
infection. Resistance is increasing to fluoroquinolones, pB-lactams, and trimethoprim-
sulfamethoxazole. Most uropathogens still display good sensitivity to nitrofurantoin. First-line
treatments for UTI include nitrofurantoin, fosfomycin, and trimethoprim-sulfamethoxazole
(when resistance levels are <20%). These antibiotics have shown minimal collateral damage
and resistance. In pregnancy, B-lactams, nitrofurantoin, fosfomycin, and trimethoprim-
sulfamethoxazole can be appropriate treatments. Interpreting the probability of UTI based on
symptoms and testing allows for greater accuracy in diagnosis of UTI, decreasing

overtreatment and encouraging antimicrobial stewardship (Chu and Lowder, 2019).

Antimicrobial susceptibility testing was available for 5246 £. coli urine isolates from
4870 patients. £. coli was most commonly resistant to amoxicillin (43.1%), cotrimoxazole
(24.5%) and ciprofloxacin (17.4%). Resistance rates were low for meropenem (0.0%),
fosfomycin (0.9%) and nitrofurantoin (1.5%). Significantly higher rates of resistance to
ciprofloxacin (32.8 vs 15.8%) and cotrimoxazole (30.6 vs 23.9%) were found in urological
patients compared with patients on other wards (p <0.01). In multivariable analyses,
predictors for £. coli resistance against ciprofloxacin and cotrimoxazole were: treatment in the
urological unit, male sex, and only to a lesser extent, urine sample obtained from indwelling
catheters. Age =65 years was associated with higher resistance to ciprofloxacin (OR 1.42,
95% CI 1.21-1.67; p <0.001), but lower resistance to cotrimoxazole (OR 0.76, 95% CI 0.67-
0.86; p <0.001) (Erb et al., 2018).

In a Shashemene’s study (Ethiopia), the overall prevalence of UTI in the area was
90.1%. Most frequently isolated uropathogen in our study was Escherichia coli (39.3%).
While, Staphylococcus species (20.2%), Leuconostoc species (11.4%), Raoultella
terrigenal Klebsiella spp./ (8.4%), Salmonella typhimurium (6.3%), Dermacoccus
nishinomiyaensis (6.3%), Citerobacter freundii (5.2%) and /ssatchenkia orientalis/ Candida
krusell (2.7%) were the other isolates. Some of UTI risk factors was statistically significant (p

< 0.05). Gentamicin was the most effective drug against most of the isolates followed by
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chloramphenicol and nitrofurantoin. In contrast, amoxicillin, vancomycin and cephalexin were

the antibiotics to which most of the isolates developed resistance (Seifu and Gebissa, 2018).

In a study report which had a total of 607 outpatients, approximately 68% were
treated inappropriately. Inappropriate regimens consisted of 50.9% (n = 309) incorrect
durations, 35.1% (n = 213) incorrect choice of antibiotic, and 12.4% (n = 75) incorrect doses.
Ten percent of patients developed a reinfection within 30 days. Recurrence of UTI with the
same pathogen within 30 days occurred in 5.1%. Catheter use and advanced age are both
risk factors for recurrence UTIs and inappropriate treatment (Wattengel et al, 2020).
Uncomplicated urinary tract infections (UTIs) are common in women and are usually managed

in primary care (Butler et a/., 2015; Foxman, 2014).

A German study showed there was no strong association between the urine culture
results, as later reported by the laboratory, and the treatment strategy (antibiotic or
symptomatic) women decided to follow. Of those women with a confirmed UTI (positive urine
culture), 63% took an antibiotic, while 55% of those with a negative result also took an
antibiotic. The respective figures for non-steroid anti-inflammatory drugs were 42% (40/96)
in the case of a positive urine culture and 45% (10/22) in the case of a negative result (Gagyor
et al., 2020).

Community-acquired symptomatic UTIs are treated with empirical antimicrobial
therapy upon diagnosis based on patient symptoms. Urine cultures are recommended for
complicated and recurrent cases, and may be performed for uncomplicated cases, although
physician guidelines vary. Since treatment will precede identification of the pathogen, local
trends for antibiotic resistance must be accounted for. The recommended first-line antibiotic
therapy for cystitis is either nitrofurantoin (100 mg daily for 5 days) or trimethoprim-
sulfamethoxazole (SXT) (160 mg-800 mg daily for 3 days). Nitrofurantoin should be avoided
if pyelonephritis is suspected, as this drug only reaches an effective concentration in the
bladder. SXT should be avoided if resistance in the area is >20% or if the patient has been
treated with this antibiotic in the last three months. Another option for treatment is
pivmecillinam (400 mg daily for 3-7 days), but this drug is not approved for use in North
America and some European countries. Fosfomycin (3 g single dose) can also be used, but
some studies suggest it is less effective than nitrofurantoin or SXT. Although amoxicillin and
ampicillin should be avoided due to endemic resistance, 3-7 days courses of amoxicillin-
clavulanic acid, as well as cephalosporins such as cefaclor, cefdinir and cefpodoxime proxetil,
may be used. However, they exhibit less effectiveness and are associated with more adverse

effects than the recommended front-line therapies (nitrofurantoin and SXT). Fluoroquinolones
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are highly effective in 3-day courses, resistance is minimal, and they are well-tolerated, but
are only recommended as second-line therapies as they are highly useful for more serious
infections and their judicious use will delay the rise of resistance. Pyelonephritis is a much
more serious condition, often requiring hospitalization and parenteral administration of
antibiotics—either ceftriaxone (400 mg) or a consolidated 24 h dose (7 mg drug/kg body
weight) of an aminoglycoside (gentamicin or tobramycin), in addition to oral ciprofloxacin
(Gupta et al., 2011; Hilbert, 2011).

As to Hilbert and his colleagues (2011) conclusion, the rising antibiotic resistance
among uropathogens, and especially the emergence of MDR clonal groups, has provided
urgency to the development of novel preventative and therapeutic strategies. Some older
drugs, such as fosfomycin, may prove to be very useful in treating antimicrobial-refractory
UTIs, especially those due to ESBL producers. Newer drugs, such as the recently approved
doripenem, have proven highly effective in the clinic to treat complicated UTIs. Research into
novel anti-virulence therapies, such as inhibiting the production of, or adherence by,
Uropathogenic Escherichia coli (UPEC) fimbriae is still an early stage but holds promise for
future development. The use of probiotics to prevent vaginal UPEC colonization and the use
of an immuno-stimulatory uropathogen extract (Vaginal vaccine, SolcoUrovac®) are currently
in clinical trials to determine efficacy in preventing recurrent UTIs. Another preventative
strategy is vaccination, and experimental vaccines have been developed that are effective in
preventing UTIs in primates. In summary, a combination of traditional and innovative
prevention and treatment strategies is being deployed to combat the threat of emerging

antibiotic resistance among uropathogens.
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CHAPTER 3. OBJECTIVES
3.1 General objective

To assess the antibiotic self-medication practice among adult patients suspected of

urinary tract infections (UTIs) in Addis Ababa, Ethiopia.

3.2 Specific objectives

e To characterize the sociodemographic characteristics of the study patients.

e To determine the prevalence of antibiotic self-medication practice among adult

patients suspected with UTlIs.

¢ To identify the associated risk factors of antibiotic self-medication practice among adult

patients suspected with UTIs.

¢ To determine the antibiotic susceptibility test towards patient isolated bacteria from

urine sample.
e To assess the level of knowledge of the patients towards antibiotics.
e ldentify common uropathogenic bacteria among adult patients confirmed with UTIs.

e To determine the prevalence of multi-drug resistant bacteria against the tested

antibiotics.

e To describe the number of antibiotics (from the 2 antibiotics until the maximum)

resisted by the micro-organisms.

e To determine the presence of self-medicated patients among those with multi-drug

resistant bacteria induced urinary tract infections.
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CHAPTER 4. METHODOLOGY
4.1 Study area

This study was conducted at three (3) institutions. These study settings were Saint Paul's
Hospital Millennium Medical College (SPHMMC), Arsho Diagnostic Laboratories (two branches;
the Piazza branch and Meskel flower branch) and Ethiopian Public Health Institute (EPHI). St.
Paul's Hospital was built in 1969 (was named St. Paul General Specialized Hospital until 2008)
by Emperor Haile Selassie in collaboration with the German Evangelical Church, as a source
of medical care for underserved populations. Since 2008, it has been a teaching hospital (Saint
Paul’'s Hospital Millennium Medical College). It currently has 392 beds, with an annual average
of 200,000 patients and a catchment population of more than 5 million. Approximately 75%
of the patients receive medical services free of charge. There is a clinical and non-clinical
staff of over 1,300 persons in over 13 departments. Most recently it has been launched its
new Hemodialysis unit. The department of Microbiology (culture Unit) provides a drug
susceptibility test service to adult patients suspected of UTI coming from different

departments.

Arsho was the first clinical testing laboratory to be established in Ethiopia. The original
site illustrated in Piazza is still the best known of the company’s laboratories. Arsho is generally
accepted to be the leading laboratory and the most widely respected. It was set up in 1972
by Dr. Arshavir Terzian and run by him until his sudden death in 2002. The Piazza branch is
the registered Head office of the company. It is where the first private medical laboratory in
Ethiopia was established in 1972. It is still the biggest branch in terms of foot traffic and
income. By now, the total number of Arsho branches in Addis Ababa are nine (Africa Business
Directory, 2021). The Ethiopian Public Health Institute (EPHI) is the result of the merger in
April 1995 of the former National Research Institute of Health (NRIH), the Ethiopian Nutrition
Institute (ENI) and the Department of Traditional medicine (DTM) of the Ministry of Health.
The merger was affirmed by the council of ministers’ regulation No 4/1996, which recognized
the Institute as an autonomous public authority having its own legal personality (EPHI,
2021a). EPHI provides a laboratory service for patients who brought the laboratory order
sheets from different clinics, health centers and hospitals. It provides about 82 types of
diagnostic tests for patients (EPHI, 2021b).

4.2 Study period

The study was conducted from 5" November 2020 up to 7*" August 2021 to assess the ASMP
among adult patients suspected of UTI in Addis Ababa, Ethiopia.
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4.3 Study design

Institutional based cross-sectional study design was used to assess the ASMP of adult patients

suspected of UTI in Addis Ababa, Ethiopia.
4.4 Source population

All adult patients suspected of UTI and visited the Department of Bacteriology, culture unit of
the study settings in Addis Ababa, Ethiopia.

4.5 Study population

All adult patients suspected of UTI and visited the Department of Bacteriology, culture unit of
the study settings presented during data collection and volunteer to participate in Addis Ababa,

Ethiopia.
4.5.1 Inclusion and exclusion

All adult patients (= 18 years of age) and were volunteer to participate in this study were
included. However, adult patients who were seriously ill and/or with serious psychiatric

problems were excluded from the study.

4.6 Sample size determination and sampling technique
4.6.1 Sample size determination

The sample size was determined using the single population proportion formula (Cochran,
1963) with its components: d= 5%, margin of error; P = 0.50, the estimated proportion of

antibiotic self-medication among adult patients suspected with urinary tract infection present
in the population; ZT“ = 1.96, the value found in the statistical table that contains the area

under the normal curve at 95% confidence level; and 10% non-response rate.

The sample size was determined as follows: Where no = sample size of the study

(Za/2)?P (1 - P)
0= d2

_ (1.96)% x 0.50(1 — 0.50)
- (0.05)2

no

no = 384

The minimum sample size of this study was 423 adult patients including (10% non-

response rate, 39). However, 531 patients were participated.
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4.6.2 Sampling technique

Taking all adult patients consecutively as sampling technique was employed to recruit adult
patients suspected with UTIs until the required sample size was achieved to assess their ASMP
in the study settings in Addis Ababa, Ethiopia. To recruit the patients, a team of data collectors
was in the Department of Microbiology, culture unit of the study settings and in discussion
with the laboratory technologists (working in culture unit), patients were communicated to
participate while came to give urine sample and those fulfilled the inclusion criteria of the
study were included. The diagnosis procedure was a normal daily activity of the culture Units

of the study settings in Addis Ababa, Ethiopia.

For urine culture test, clean catch mid-stream urine samples were collected using sterile
wide mouth container from enrolled patients. The minimum acceptable volume of urine
sample was 10 ml. All the samples were analyzed immediately after arrival to the culture unit

to ensure that a bacterium presented in the urine was isolated and to avoid over population.

4.7 Study Variables
4.7.1 Dependent variable

Antibiotic self-medication practice status (yes or no)

4.7.2 Independent variables

e Sociodemographic profiles (e.g., age, gender, and marital status)

o Antibiotic Self-medication practice statements (e.g., Have you ever treated yourself (self-
medicated with antibiotics?; reason(s) of self-medication practice).

o Antibiotic Self-medication Knowledge statements (e.g., Do you know what antibiotics are?;
What are antibiotics used for?)

o Clinical variables (e.g., comorbidity; history of catheterization)

4.8 Operational definition

ASM is an action by which an adult patient suspects her/his iliness and took an antibiotic drug
in the last twelve (12) months without prescription from a prescriber. Drug resistant stated
that bacteria strains were resistant two or more antibiotics (Magiorakos et al., 2012). In this
study, the total number of knowledge related questions was twenty-one. Each correct
response to a statement on knowledge of antibiotics was given a score of 1, whereas incorrect

responses were given a score of 0. The minimum and maximum possible score in the

61



knowledge domain were 0 and 21, respectively. Some of the questions were with incorrect
responses, and the scores were inverted. The total score less than 80 and > 80% were

categorized as poor and good knowledge respectively.

Total Score (%) = Obtained score - least possible score x 100 (Karuniawati et al., 2021).

Maximum possible score - least possible score

4.9 Data collection technique
4.9.1 Interviewer administered questionnaire

Data was collected using interviewer administered structured questionnaire to assess the
antibiotic self-medication practice of suspected UTI patients after provided their verbal and
written consent to participate and recorded all the relevant information required. The tool was
adopted from published articles such as from Shafie et a/. (2018) and Moise et a/l. (2017) with
some modifications. The questionnaire had five components: sociodemographic profile (8
guestions), knowledge assessing statements (21 questions), for ASMP assessment (25
guestions), clinical data (4 questions), and antimicrobial susceptibility test (2 questions). The

overall data collection was done by trained laboratory and pharmacy professionals.

4.9.2 Strategic follow up

Once the recruited adult patients gave a urine culture sample, the patient sample specimen
identity number was registered on the date of data collection. Further, the follow up was
important to obtain the isolated organism and its antimicrobial drug susceptibility test result

among the patients with bacterial induced UTIs.

4.9.3 Laboratory protocols
4.9.3.1 Urine culture and identification

Urine specimens were directly inoculated onto blood agar (Oxoid, England) and MacConkey
agar (BD, USA) using a sterile standard calibrated wire loop (0.001), and streaked culture
plates were incubated at 37°C aerobically for 24 hours. Number and type of colony count
were done on blood agar plate, and then significant bacteriuria was determined. Cultures with
colony counts greater than 10° cfu/mL, for single isolated bacteria, were considered

significant. Identification of bacterial isolates was done using colony characteristics on blood
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agar, MacConkey agar and gram reaction of the bacteria and biochemical tests in accordance
with standard procedures. Organisms isolated from urine specimens of the patients were

identified and tested for antimicrobial susceptibilities (Cheesbourgh, 2006).

4.9.3.2 Antimicrobial Susceptibility Tests

According to the standard operational procedures, antimicrobial susceptibility tests were done
on Mueller-Hinton agar (Oxoid, England) using Kirby-Bauer disk diffusion method (Bauer et
al., 1966). Briefly, using a sterile wire loop, 3-5 pure colonies were picked from blood agar
plate or MacConkey agar and emulsified in nutrient broth (Oxoid, England) and mixed gently
until it formed a homogenous suspension. The turbidity of the suspension was adjusted to the
optical density of McFarland 0.5 tubes to standardize the inoculums size. A sterile cotton swab
was dipped into the suspension and distributed the bacteria suspension evenly over the entire
surface of Mueller-Hinton agar (Oxoid, England). The antimicrobial agents tested were such
as Amoxicillin (10 pg), Chloramphenicol (30 pg), Nitrofurantoin (300 pg), Gentamicin (10 pg),
Ciprofloxacin (5 ug), Cephalothin (30 pg), Ceftriaxone (30 ug), Norfloxacin (NOR), Doxycycline
(30 pg), Trimethoprim-Sulfamethoxazole (25 ug), Tetracycline (30 pg) and other antibiotics
(CLSI, 2012).

4.10 Data gquality management

Before the actual data collection, the prepared English questionnaire was translated to
Amharic version and again back to English to check its consistency to assess the socio-
demographic and ASMP, whereas some clinical data were extracted from the patient chart.
Then, the data extraction questionnaire and laboratory findings assessing tools were pretested
two weeks prior to actual data collection at International Clinical Laboratory (ICL), Addis
Ababa, Ethiopia. Based on the pretested questionnaire feedback from adult patients and the

diagnosis procedure, some modifications on the questionnaire were done.

During data collection, this research project included four data collectors. Three of
them were laboratory technologists and one pharmacist. Before data collection, data collectors
and local supervisor (one) were trained on the data collection tool and sampling techniques
by the principal investigator. Supervision was carried out regularly during data collection
period both by the principal investigator and local supervisor. The collected data was checked

on daily basis for completeness and consistence.
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4.11 Data analyses

Data was entered and analyzed using SPSS version 25 software. All patient data were explored
for its outliers and missing values. Descriptive statistics such as proportions, frequencies,
means and standard deviations were used to describe the characteristics of the study patients.
A binary logistic regression was employed to identify factors associated with ASP. All factors
with p-value < 0.20 in the bivariable analysis were considered as candidates for the
multivariable regression model. In all statistical tests, p < 0.05 was considered statistically
significant. In clinical laboratory study, only urine samples with significant growth were further
studied (significant growth was defined as the presence of > 10° colony-forming units per
milliliter (cfu/mL) of urine (Cheesbourgh, 2006). After obtaining the pure strains, the strains
were subjected to conventional biochemical identification methods to identify different Gram-
negative and positive uropathogens. Resistance data were interpreted according to the Clinical
Laboratory Standards Institute. Reference strains of £. coli (ATCC 25922) were used for quality
control for antimicrobial susceptibility (CLSI, 2012).

412 Ethical Clearance

Ethical clearance was obtained from St. Paul’s Hospital Millennium Medical College Institutional
Review Board (IRB), Addis Ababa, Ethiopia. A supporting letter and the ethical clearance were
taken to all study settings. Written and informed verbal consent was taken from the adult
patients after clear explanations about the purpose and aims of the study. To maintain their
privacy and keep the medical case issue confidential, unique identifiers were removed and the

data collected was in a locked cabinet in order to ensure confidentiality.
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CHAPTER 5. RESULT
5.1 Sociodemographic characteristics of study patients

In this study, a total of 531 patients were included. The mean score of age (+ SD) was 43.74 (+
16.16) years. The minimum and maximum ages of the patients were 18 and 90 years,
respectively. About one-third of the patients’ age was 50 years and above, 188 (35.4%). Majority,
368 (69.3%) patients were female, 254 (47.8%) patients were with college and above educational
background, and 347 (65.3%) patients were married. Most of the patients were government
employed, 131 (24.7%), and 518 (97.6%) of the patients came from urban areas. The main two
religions of this study patients were Orthodox (316 (59.5%)) and Muslim (119 (22.4%)). Majority
of the patient’s monthly income was 2000 birr and below. Most of the study patients were from
the Arsho Diagnostic Center (352 (66.3%) (Table 1).
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Table 1. Sociodemographic characteristics of adult patients suspected of UTIs in Addis Ababa, Ethiopia,

2020/21 (n=531).

Variable Category Frequency, N (%)
Study settings Arsho 352 (66.3)
EPHI 108 (20.3)
SPHMMC 71 (13.49)
Sex Male 163 (30.7)
Female 368 (69.3)
Age (years) Mean + SD 43.74 (£ 16.16)
18-24 36 (6.8)
25-29 74 (13.9)
30-34 89 (16.8)
35-39 50 (9.4)
40-44 57 (10.7)
45-49 37.(7)
=50 188 (35.4)
Religion Orthodox 316 (59.5)
Muslim 119 (22.4)
Protestant 93 (17.5)
Jehovah’s withess 2 (0.4
Catholic 1(0.2
Marital status Married 347 (65.3)
Single 134 (25.2)
Widowed 31 (5.8)
Divorced 14 (2.6)
Separated 5 (5.8)
Education llliterate 16 (3)
Write and read only 42 (7.9)
Primary school 94 (17.7)
Secondary school 125 (23.5)
College and above 254 (47.8)
Occupation Government 131 (24.7)
Private (owner) 108 (20.3)
House wife 104 (19.6)
Private (employed) 99 (18.6)
Retired 40 (7.5)
Jobless 21 (4
Student 14 (2.6)
Others* 14 (2.6)
Residence Urban 518 (97.6)
Rural 13 (2.4)
Monthly income (birr) | < 2000 204 (38.4)
2001-3000 79 (14.9)
3001-4000 44 (8.3)
4001-5000 69 (13)
5001-6000 19 (3.6)
= 6001 116 (21.8)

Others *: farmers, house servants, and church servants.
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5.2 Knowledge Towards Antibiotics

In this study, 367 (70.8%) of the patients heard the term antibiotics. About 382 (71.9%) of the
total patients self-reported that antibiotics are drugs which treat bacterial infections. However,
some patients, 39 (7.3%), self-reported that the clear indications of antibiotics were for the

purpose of treating viral infections.

As it can be seen in Table 2, the self-reported response to the statements posed; 370
(71.9%) of the patients self-reported that broad-spectrum antibiotics are better than narrow-
spectrum ones; 279 (52.5%) reported, higher doses result in faster recovery; 379 (71.4%), lower
doses result in less adverse reactions; 404 (76.1%), switching antibiotics enhances drug effects;
418 (78.7%), switching antibiotics reduces adverse reactions; 422 (79.5%), intravenous is better
than oral medication; 322 (60.6%), ASM practice could cause drug resistance; 486 (91.5%), ASM
practice could result into disease complication; 506 (95.3%) ASM practice could result into
harmful effects; and 469 (88.3%) of the patients self-reported that ASM could not be practiced

for all drugs.

According to most of the patients’ self-report, some drugs are not taken with other drugs,
480 (90.4%); not taken with other alcoholic beverages, 510 (96%); and not taken with some
kinds of food, 514 (96.8%), respectively. About 482 (90.8%) and 386 (72.7%) of the patients
self-reported that the same drug could be given by oral, injection, topical, or other routes and
had a practice of checking the expiry date of the drugs before purchasing or before using them,
respectively. Most of the patients had a good/poor knowledge. About 107 (20.2%) of the total

patients had a good knowledge towards antibiotics (Table 2).
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Table 2. Knowledge towards antibiotics of the adult patients suspected of urinary tract infection in Addis
Ababa, Ethiopia.

SN. Knowledge Statements Count, N (%0)
Yes No

K1 I heard about the word antibiotics 376 (70.8) 155 (29.2)
K2 Antibiotics treat
K2.1 Bacterial infection 382 (71.9) | -
K2.2 Viral infection 39 (7.3) -
K2.3 I do not know 110 (20.7) | -
K3 Broad-spectrum antibiotics are better than narrow-spectrum ones | 370 (69.7) 161 (30.3)
K4 Higher doses result in faster recovery 252 (47.5) | 279 (52.5)
K5 Lower doses result in less adverse reactions 152 (28.6) | 379 (71.4)
K6 Switching antibiotics enhances drug effects 127 (23.9) | 404 (76.1)
K7 Switching antibiotics reduces adverse reactions 113 (21.3) | 418 (78.7)
K8 Intravenous is better than oral medication 422 (79.5) 109 (20.5)
K9 Antibiotic self-medication could cause drug resistance 322 (60.6) | 209 (39.4)
K10 Antibiotic self-medication can be practiced for all drugs 62 (11.7) 469 (88.3)
K11 Antibiotic self-medication can result into disease complication 486 (91.5) | 45 (8.5)
K12 Antibiotic self-medication can result into harmful effects 506 (95.3) | 25 (4.7)
K13 Some drugs cannot be taken with other drugs 480 (90.4) | 51 (9.6)
K14 Some drugs cannot be taken with alcoholic drinks 510 (96) 21 (4)
K15 Some drugs cannot be taken with some kinds of foods 514 (96.8) 17 (3.2)
K16 Some drugs are contraindicated or cannot be given to children 514 (96.8) 17 (3.2)
K17 Some drugs are contraindicated or cannot be given to pregnant 515 (97) 16 (3)
K18 Some drugs cannot be given to breast feeding mothers 504 (94.9) | 27 (5.1)
K19 Some drugs Cannot be taken by people with chronic diseases 431 (81.2) 100 (18.8)
K20 Same drug can be given by oral, injection, topical or other routes 482 (90.8) | 49 (9.2)
K21 Checking expiry date of the drugs you purchase or before use 386 (72.7) 145 (27.3)

Level of knowledge

Poor Knowledge 424 (79.8)

Good Knowledge 107 (20.2)

K: Knowledge question number; Some drugs: some antibiotics.

5.3 Common Self-Reported Reasons for avoiding ASM Practice

Generally, there were 476 (89.6%) patients who did not practice self-medication with antibiotics.
Ninety-nine (20.8%) of the patients mentioned multiple reasons such as fearing not to use wrong
drug, fear of side effects, fear of wrong diagnosis, and wrong use of a drug why they did not self-

medicate with antibiotics.

However, among the self-reported single reasons mentioned by the patients for avoiding

the practice of self-medication with antibiotics, the most common two reasons were fearing the
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side effects of drugs (93 (19.5%)) and having the chance of wrong diagnosis (79 (16.6%)). About
23 (4.8%) of the patients who self-reported why they refused the practice of antibiotic self-
medication with antibiotics was due to their interest to visit their doctors for the sake of

consultation and prescription (Table 3).

Table 3. Common self-reported reasons of the adult patients for avoiding the self-medication with
antibiotics during the past 12 months in Addis Ababa, Ethiopia.

Reasons for Avoiding ASM Practice (N=476 patients) Frequency, N (%20)
Not to use a wrong drug (# 1) 51 (10.7)
Fear of side effects (+ 2) 93 (19.5)
Fear of wrong diagnosis (# 3) 79 (16.6)
Fear of wrong use of a drug (# 4) 57 (12)
All above mentioned (# 1, # 2, # 3, # 4) 99 (20.8)
Lack of Drug knowledge to have ASMP 28 (5.9)
Want doctor visit (for consultation and prescription) 23 (4.8)
Due to My chronic illness 12 (2.5)
No illness in the past 12 months 8 (1.7)
Easy access for health facility 7 (1.5)
Others* 19 (4.1)
Total 476 (100)

*Qthers: those mentioned both (# 1, and # 3), (# 2 and # 3), and (# 3 and # 4); ASMP; Antibiotic self-medication
Practice.

5.4 Antibiotic Self-Medication Practice

In this study, the overall prevalence of antibiotic self-medication practice was 55/531 (10.4%).
The two common ways of requesting the antibiotics from different drug sources were by
mentioning the name of the drug 30 (54.5%), and by mentioning the sigh and symptom of iliness
13 (23.6%). The prominent sources of drugs for the self-medication with antibiotics in this study
were community pharmacies 50 (90.9%). Most of the patients’ antibiotic selection basis for the
purpose of self-medication was indications of the drugs 27 (49.1%), and type of antibiotics 20
(36.4%). The sources of drug related information for self-medication with antibiotics in majority
of the self-reported patients were their own experience 14 (25.5%) followed by community

pharmacists, previous doctors’ prescription, and opinions of friends 11 (20%) each.

As to patients’ self-reports, the two most common diseases/conditions treated by self-
medication with antibiotics were urinary tract infections 14 (25.5%), and peptic ulcer disease 9

(16.4%). Other symptoms or diseases such as fever 6 (10.9%), tonsilitis 5 (9.1%), and
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unexplained infections 6 (10.9%) were also reported and treated by self-medication with
antibiotics (Table 4).

Table 4. Self-Reported Information on Antibiotics Self-medication among Adult Patients Attending the
Study Settings, Addis Ababa, Ethiopia.

Variables Frequency, (%0)
Antibiotic self-medication Practice (ASMP)

Yes 55 (10.4)
No 476 (89.6)
Source of information

Community pharmacists 11 (20)
Family members 3 (5.5)
Opinion of friends 11 (20)
My own experience 14 (25.5)
Previous doctor’s prescription 11 (20)
Internet searching 2 (3.6)
Pharmacist and friends 1(1.8)
Others* 2 (3.6)
Selection basis

Type of antibiotics 20 (36.4)
Brand of antibiotics 6 (10.9)
Price of antibiotics 1(1.8)
Indications (use) 27 (49.1)
type and side effects of antibiotics 1(1.8)
Source of Drug

Community Pharmacies 50 (90.9)
Leftover from previous prescription 2 (3.6)
From neighbor 1(1.8)
Open Market/shop 2 (3.6)
Ways of requesting the drug

By mentioning the name of the drug 30 (54.5)
By mentioning the sign and symptom of illness 13 (23.6)
By showing drug container 9 (16.4)
By showing a piece of paper (With Drug name) 3 (5.5)
Diseases/symptoms #

Urinary tract infection 14 (25.5)
Peptic Ulcer Disease 9 (16.4)
Abdominal pain 7(12.7)
Fever 6 (10.9)
Unexplained Infections 6 (10.9)
Tonsilitis 5(9.1)
Cough 4 (7.3)
Wound infection 1(1.8)
Typhoid disease 2 (3.6)
Toothache 2 (3.6)
Others** 5(9.1)

Others*: Neighbor and Open Market; Others**, such as diarrhea, tape worm infection; #; the total percentage for the
diseases/symptoms treated is not equivalent to 100% as patients might have more than one response.
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55

Self-medicated antibiotics and Reasons for ASMP

According to the self-report of the patients, the three commonly self-medicated antibiotics were

amoxicillin 28 (50.9%),

ciprofloxacin 13 (23.6%),

and sulfamethoxazole-trimethoprim

combination 5 (9.1%). Although some patients self-reported that they self-medicated with

antibiotics, they were unable to mention the names of the 8 (14.5%) antibiotics. In this study,

the three most common self-reported reasons of self-medication with antibiotics were knowing

the drug before self-medication 29 (52.7%), minor illness 14 (25.5%), and urgency case 7
(12.7%) (Table 5).

Table 5. Self-Medicated Antibiotics and Reasons for Self-Medication by Adult Patients Suspected of UTls
attending at the Study Settings, Addis Ababa, Ethiopia.

Variables \ Frequency, (%26)
Self-medicated Antibiotics #

Amoxicillin 28 (50.9)
Ciprofloxacin 13 (23.6)
Sulfamethoxazole-trimethoprim 5(9.1)
Ampicillin 4 (7.3)
Tetracycline 3 (5.5)
Ceftriaxone 4 (7.3)
Norfloxacillin 2 (3.6)
Amoxacillin-Clavulanic acid 1(1.8)
Cefixime 1(1.8)
Cloxacillin 1(1.8)
Unable To Mention the Drug Name 8 (14.5)
Reasons for Antibiotic self-medication

I know the drug before 29 (52.7)
Minor illness 14 (25.5)
Urgency case 7 (12.7)
Time constraint 3 (5.5)
Self-medication is cheap 1(1.8)
Health institutions are far, and | know the drug 1(1.8)

#; the total percentage for the antibiotics used is not equivalent to 100% as patients might have used more than one

antibiotic type.
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5.6 Antibiotic Self-Medication Information

The self-report of most of the self-medicated patients were; 20 (36.4%) of them never
checked drug leaflet instructions; 20 (57.1%) reported, partially understood the drug leaflet
instructions; 48 (87.3%), antibiotics self-medication is unacceptable practice; 34 (61.8%), the
outcomes of their self-medication with antibiotics were finding relief from their illness; 31
(56.4%), they could not treat common infections successfully in case they contracted them;
36 (65.5%) had no concern at all for using counterfeit antibiotics; and 25 (45.5%), they

stopped taking antibiotics after finishing/ran out their drugs.

Further, only 2 (3.6%) of the patients with antibiotic self-medication practice used the
same drugs having different names. The maximum number of drugs used for self-medication
with antibiotics was only one drug, 46 (83.6%). Majority of the patients determined the dose
of the antibiotics used was by consulting pharmacists 36 (65.5%). About 44 (80%) of the
patients self-reported that they never changed the dose of the antibiotics during the course
of therapy. However, the main reason for those patients who changed the dose during the
course of therapy was health improvement at some time before finishing the expected length

of days of therapy.

Additionally, most of the patients self-reported that they never switched (47 (85.5%))
the antibiotics used by other antibiotics during the self-medication period. But, among those
who switched their antibiotics during the self-medication time, their main reason was the

failure of the former antibiotics in treating their diseases/symptoms, 8 (88.9%) (Table 6).

Table 6. Antibiotic Self-medication information

Variables | Frequency, (%0)
Checking Drug leaflet instructions

Yes, always 19 (34.5)
Yes, sometimes 16 (29.1)
Never 20 (36.4)
Understanding Drug leaflet instruction

Fully understood 15 (42.9)
Partly understood 20 (57.1)
Attitude towards Antibiotic Self-medication Practice

Better Practice 2 (3.6)
Acceptable Practice 5(9.1)
Unacceptable practice 48 (87.3)
Outcomes of ASMP

Cured from the illness 17 (30.9)
Get relief from the illness 34 (61.8)
No improvement 4 (7.3)
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Successful treatment status during infection Using
ASMP

Yes, | can 15 (27.3)
I am not sure 9 (16.4)
No, | can not 31 (56.4)
Concern for Using Counterfeit Antibiotics

Yes, very strongly 6 (10.9)
Yes, partially 13 (23.6)
No concern at all 36 (65.5)
Stop Taking Antibiotics

After symptoms disappeared 20 (36.4)
After Antibiotics ran out 25 (45.5)
After completion of the treatment course 8 (14.5)
After consulting a pharmacist 2 (3.6)
Using the same drug with different names

Yes 2 (3.6)
No 53 (96.4)
Maximum Number of drugs used in a single illness

One 46 (83.6)
Two 6 (10.9)
Three 2 (3.6)
Four 1(1.8)

I know the dosage of the antibiotics

By checking the package insert 5(9.1)
By consulting a pharmacist 36 (65.5)
By consulting my families/friends 3 (5.5
From the internet 1(1.8)
From my previous experience 6 (10.9)
By checking the drug leaflet and consulting a pharmacist 2 (3.6)
Others 2 (3.6)
Changing the dose during Self-medication

Yes, always 3 (5.5)
Yes, sometimes 8 (14.5)
Never 44 (80)
Reasons for changing the dose during ASMP

Due to improvement 5 (41.7)
Worse thing happened 4 (33.3)
To decrease the side effects 2 (16.7)
Other 1(8.3)
Switching Antibiotics During SMP
Yes, always 3 (5.5
Yes, sometimes 5(9.1)
Never 47 (85.5)
Reason of Switching Antibiotics During SMP
The former antibiotics did not work 8 (88.9)
Due to improvement 1(11.1)
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5.7 Clinical data of the patients

This study revealed that 211 (39.7%) of the patients had co-morbidities. According to the
patients’ self-report, 365 (68.7%), 279 (52.5%) and 105 (19.8%) of them had clinical
presentations of UTIs, history of UTIs and catheterization, respectively. The urine culture test
findings showed 129 (24.3%) of the patients had urine test identification with bacterial isolates
(Table 7).

Table 7. Clinical data of the patients

Variable | Frequency (20)
Co-morbidity

Yes 211 (39.7)
No 320 (60.3)
UTI symptoms

Yes 365 (68.7)
No 166 (31.3)
History of Catheterization

Yes 105 (19.8)
No 426 (80.2)
History of UTI

Yes 279 (52.5)
No 252 (47.5)
Urine culture result

Yes (organism isolate) 129 (24.3)
No organism isolates 402 (75.7)

5.8 Urine Culture Identification Test and Isolation

In this study, there were 531 (100%) patients who submitted a urine sample for culture test.
Of these patients, 402 (75.7%) of the patients had no bacteria isolate. However, 129 (24.3%)
of the patients were diagnosed with UTI and had bacteria isolates. The prevalence of urinary
tract infection among the UTI suspected adult patients was 24.3%. The two common bacteria

identified and isolated were £. coli, 88 (68.2%); and K. pneumoniae, 10 (7.8%) (Table 8).
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Table 8. Urine Culture Result of Adult Patients Suspected of Urinary Tract Infections in study settings,
Addis Ababa, Ethiopia.

Isolation status Frequency, N (%0)
Culture result | £. coli 88 (68.2)
K. pneumoniae 10 (7.8)
Providencia Species 6 (4.7)
Enterococcus faecalis 5(3.9)
Klebsiella Oxytoca 4 (3.1)
Pseudomonas Species 3(2.3)
Staphylococcus aureus 3(2.3)
Enterococcus faecium 3(2.3)
Morganella Morganni 2 (1.6)
Others* 5 (3.9)
Total isolates 129 (100)

Others*; Citrobacter freundi (1), Citrobacter diversus (1), Enterobacter spp. (1), Enterococcus spp. (1), and
Staphylococcus aureus (1).

5.9 Antibiotic Susceptibility Test

Totally, 39 antibiotics were checked for antibiotic susceptibility tests by the order of disease
specialists from different health institutions to the study settings of culture unit. Accordingly,
the following antibiotic susceptibility test findings were reported: among 55 £. cofiisolates, 50
(90.9%) of them were ampicillin resistant, 32 (100%) of the isolates were amoxicillin resistant,
22 (100%) of the isolates were doxycycline resistant. However, low levels of resistances were
reported to meropenem and cefepime which were 1/29 (3.4%) and 12/49 (24.5%)
respectively. From fluoroquinolones class of antibiotics, 22 (100%) of the £. coliisolates and
24 (96%) of 25 E. coliisolates were moxifloxacin and levofloxacin sensitive respectively. Unlike
to moxifloxacin, 23 (42.6%) of 54 E. coliisolates were ciprofloxacin resistant, 9 (31%) of 29
E. coliisolates were norfloxacin resistant and 2 (50%) of the 4 £. coliisolates were nalidixic
acid resistant. Twenty-eight (65.1%) of the 43 £. coli isolates were cephalothin resistant.

Among 38 £. coliisolates tested with amikacin, 35 (92.1%) of them was sensitive to amikacin.

Additionally, of 56 £. coliisolates, 29 (51.8%) of them were ceftriaxone sensitive, 18
(78.3%) of the 23 E£. coliisolates tested were piperacillin-tazobactam sensitive and 15 (78.9%)

of the 19 E£. coliisolates were tobramycin sensitive.

Within the tested antibiotics on K. pneumoniae isolates, 6 (100%), for ampicillin, 5
(100%) for amoxicillin, and 4 (100) for doxycycline were totally resistant. Providencia species
were totally resistant for 6 (100%) isolates carried on ampicillin and amoxicillin each. For K.

oxytoca, cotrimoxazole was resistant to 3 (100%) of the isolates (Table 9).
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Table 9. Antibiotic Susceptibility Test Results of Bacteria Isolated from Symptomatic UTI Adult Patients

at the study settings in Addis Ababa, Ethiopia.

Drug E. coli K. E. Prov. K. Pseud. M. S. Others E.
pneumoniae | faecalis | Species | Oxytoca Species | Morganni | aureus faecium

AMP S | 5(9.1) - 4 (80) - - - - 1(33.3) | - -

R | 50 (90.9) | 6 (100) 1 (20) 6 (100) | 4 (100) 1 (100) 2 (66.7) | 2 (100) | 3(100)
AMPS | S |1@167) |- 4 (100) | - - - 1 (50) 1(100) | -

R | 5(83.3) | 1(100) - 2 (100) 1 (50) -
AUG S |14 2 (66.7) 3 (100) - 1 (50) 1 (50)

(43.75)

R |14 2 (100) 1 (50) 1 (50)

(43.75)

I |4@125) |1(33.3) - - - -
AMK S | 35(92.1) | 5 (100) 1(100) | 3(100) | 4 (100) 1 (50)

R | 2(5.3) - - - - 1 (50)

1 | 1(2.6) - -
AMX S |- - 4 (100) | - - - - - -

R | 32(100) | 5 (100) - 6 (100) | 4 (100) 1 (100) 2 (100) | 1(100) | 3 (100)
AZS S |- - - - - - - -

R 1 (100) -
BEP S - 2 (100) - - -

R |- - - - - 2 (100) | 1(100) | 2 (100)
CFP S | 21 (67.8) | 4 (100) 3(100) | 1 (100) - 1 (50) 1(100) | -

R |10(32.2) | - - - 2 (100) 1 (50) -
CFT S | 29 (56.9) | 5 (71.4) 3 (50) 1 (50) - - 1 (50) 1 (50)

R | 22 (43.1) | 2 (28.6) 3 (50) 1 (50) 2 (100) | 1 (100) 1 (50) -
CFRO | S | 22 (40) 3(42.9) 2 (40) 1 (25) - 1 (100) 1 (50) 1(33.3)

R | 32(58.2) | 4(57.1) 3 (60) 3 (75) 2 (100) | - 1 (50) 1 (33.3)

1 | 1(.8) - - - - - - 1 (33.4)
NTF S | 48 (70.6) | 3 (30) 2 (66.7) | 4 (80) - - 1(100) | 2(66.7) | -

R | 19 (27.9) | 6 (60) 1(33.3) | 1(20) 2 (100) 1 (100) - 1(33.3) | 1(100)

1 | 1(@5) 1 (10) - - - - - - -
GEN S | 57.(77) 7 (77.8) 4 (66.7) | 4 (100) - 1 (100) 2(66.7) | 1(50)

R | 15(20.3) | 2 (22.2) 2(33.3) | - 2 (100) | - 1(33.3) | 1(50)

1 |20 - - - - -
IMPN | S | 3(75)

R | 1(25) - - - -
LVF S | 24 (96) 1 (50) 2 (100) 2 (100) | 2 (100)

R|1(4) 1 (50) - - - -
LNZD | S |- - 1 (100) - -
MTC S - 1 (50) 1 (100)

R |- - 1 (50) - -
MXF S | 22 (100) | - 2 (100) | - - - 1(100) | 1 (100)
CzD S | 19(59.4) | 4 (80) 3(100) | 1 (100) 1(33.3) 1(100) | -

R | 11 (34.4) | 1 (20) - - 2 (66.7) -

1 | 2(6.2) - - - - - -
CIP S | 30(55.6) | 2 (50) 2(66.7) | - - 1(100) | 2(66.7) | 1 (50)

R | 23(42.6) | 2 (50) - 1(33.3) | 1(100) 1 (100) - 1(33.3) | 1(50)

1 | 1(@.8) - 1(100) | - - - - - -
CPTN | S | 14 (32.6) | 3 (60) - 2(33.3) | 1(25) - 1 (50) 1 (50)

R | 28 (65.1) | 2 (40) 4 (66.7) | 3(75) 2 (100) 1 (50) -

1 | 12.3) - - - - - -
CFPM | S | 34 (69.4) | 5 (83.4) 4 (100) | 1 (100) 1 (50) - 1 (50) 2 (66.7)

R | 12 (24.5) | 1 (16.6) - - 1 (50) 1 (100) 1 (50) 1(33.3)

1 | 3(6.0) - - - - - - -
CEF S | 29 (51.8) | 5 (55.6) 3 (60) 1 (100) - 1 (50) 2 (100)

R | 26 (46.4) | 4 (44.4) 2 (40) - 1 (100) 1 (50) -

1 | 1(@.8) - - - - -
NOR S | 20 (69) - - 1 (50) - 1 (33.3)

R | 9(31) 2 (100) 2 (100) | 1(50) 2 (100) - 2 (66.7)
DOX S |- - - 1(16.7) | - - 1 (50) -

R | 22 (100) | 4 (100) 4 (100) | 5(83.3) | 2 (100) 1 (100) 1 (50) - 1 (100)
PCN S |- - 2 (100) | - - - - 1(100) | -
PTDB | S | 18(78.3) | 2 (40) - 1 (100) 1 (100) 2 (100)

R | 3(13) - - - -

1 12@7 3 (60)
SMX R | 2 (100) -
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TTC [S | 9257 |10 - 1(16.7) | - - 1 1 (50) 1 (50) -
R | 26 (74.3) | 4 (40) 4 (100) | 5(83.3) | 2 (100) 1(100) |1 1 (50) 1 (50) 2 (100)
TOBR | S | 15 (78.9) | 2 (100) 1(100) | 1(100) | 1(100) - 1 (100) - - -
R|4@Ly |- - - - - - - 1 (50) -
|- - - - - - - - 1 (50) -
VAN [ s |- - 3(100) |- - - - - 1(100) | 2 (100)
NA s | 2(s0) - - - - - - - - -
R | 2 (50) 1 (100) - - - - - - 1(100) | 1 (100)
MER | S | 28(96.6) | 4 (100) - - - 1 (50) 2 (100) - 2(100) |-
R|1@3.4) - - - - 1 (50) - - - -
CFLX | s |- - - - - - - - 1(100) | -
N R[1@00 |- - - - - - - - -
CFOX | s | 3(79) 2 (100) - - - - - - - -
R | 1(25) - - - - - - - - -
CoT | s [9(24.3) | 2(40) - - - - 1 (100) - - -
R | 28 (75.7) | 3 (60) - - 3 (100) - - - 2(100) |-
CFXM | S | 17 (43.6) | 3 (75) - - 1 (50) - 1 (100) - 1(100) | -
R | 22(56.4) | 1(25) - 1(100) | 1 (50) 1(100) | - - - -
CFZO | s | 25(33.3) | 3(37.5) - 2 (40) 2 (50) - 1 (100) 1 (50) 2(100) | -
R | 49 (65.3) | 5 (62.5) - 3 (60) 2 (50) 2(100) | - 1 (50) - -
I 119 - - - - - - - - -
CLDA |s |- - - - - - - 1(100) | - -
ERY |S |- - - - - - - 1 (50) - -
R|- - - - - - - 1 (50) - -

AMP, ampicillin; AMPS, ampicillin-sulbactam; AUG, augmentin; AMK, amikacin; AMX, amoxacillin; AZS; azithromycin; BEP, benzathine
penicillin; CFP, cefpodoxime; CFT, cefotaxime; CFRO, cefuroxime; NTF, nitrofurantoin; GEN, gentamycin; IMPN, imipenem; LVF, levofloxacin;
LNZD, linezolid; MTC, methicillin; MXF, moxifloxacin; CZD, ceftazidime; CIP, ciprofloxacin; CPTN, cephalothin; CFPM, cefepime; CEF,
ceftriaxone; NOR, Norfloxacin; DOX, doxycycline; PCN, penicillin; PTDB, piperacillin-tazobactam; SMX, sulphamethoxazole; TTC, tetracycline;
TOBR, tobramycin; VAN, vancomycin; NA; nalidixic acid; MER, meropenem; CFLXN, cefalexin; CFOX, cefoxitin; COT, cotrimoxazole; CFXM,
cefixime; CFZO, cefazolin; CLDA, clindamycin; ERY, erythromycin.

5.10 Multi-Drug Resistance

Among the total bacterial isolates (n=129), the overall prevalence of multi-drug resistance
bacteria was reported for 106 (82.2%) bacterial isolates; which were resistant to two or more
of antibiotics. Within the overall MDR findings, the three most common multi-drug resistances
were reported for £. coli, 69 (65.5%), K. pneumoniae, 9 (8.5%), and Providencia species, 6
(5.7%), respectively. Regarding to the number of drugs resisted, the three groups of
antibiotics commonly resisted were R2, 14 (13.2%), R3, R6, and R8, 13 (12.3%) each group
and R4, 11 (10.4%), respectively. One (1.4%) of the £. coliisolates and 1 (50%) of S. aureus
isolates were resistant to eighteen and sixteen antibiotics, respectively. In this study, more
than 80% of the findings showed that the common uropathogenic organisms which developed

multi-drug resistance were Gram-negative bacteria (Table 10).
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Table 10. Multi-Drug Resistance Pattern of Bacterial Isolates from Symptomatic UTI Patients Attending at the study settings, Addis Ababa, Ethiopia.

Bacteria Isolates R2 R3 R4 R5 R6 R7 R8 R9 R10 R11 R12 R13 R14 R15 R16 R18 MDR, N
(%)
E. coli Count, (%) 8 (11.6) 8 7 7(10.1) | 10 5(7.2) | 7(10.1) 29 |[2@9 |48 |3 1 1 3 - 1(1.4) | 69 (100)
(11.6) (10.1) (14.5) (4.3) (1.4) 1.4 (4.3)
% Within 57.1 61.5 63.6 70 76.9 83.3 53.8 33.3 50 66.7 100 100 100 100 - 100 65.1
NDR
K. Count, (%) 1(11.1) - 2 1(11.1) |1 1 1(11.1) - 1 1 - - - - - - 9 (100)
pneumoniae (22.2) (11.1) (11.2) (11.1) (11.1)
% Within 7.1 - 18.2 10 7.7 16.7 7.7 - 25 16.7 - - - - - - 8.5
NDR
E. faecalis Count, (%) 2 (50) 1(25) 1 (25) - - - - - - - - - - - - - 4 (100)
% Within 14.3 7.7 9.1 - - - - - - - - - - - - - 3.8
NDR
Prov. Count, (%) 1 (16.7) - 1 - - - 1 (16.7) 2 - 1 - - - - - - 6 (100)
Species (16.7) (33.3) (16.7)
% Within 7.1 - 9.1 - - - 7.7 33.3 - 16.7 - - - - - - 5.7
NDR
K. Oxytoca Count, (%) - - - - - - 2 (50) 2 (50) - - - - - - - - 4 (100)
% Within - - - - - - 15.4 33.3 - - - - - - - - 3.8
NDR
Pseudo. Count, (%) - - - - 1 - 1(33.3) - 1 - - - - - - - 3 (100)
Species (33.3) (33.3)
% Within - - - - 7.7 - 7.7 - 25 - - - - - - - 2.8
NDR
M. Count, (%) 1 (50) - - 1 (50) - - - - - - - - - - - - 2 (100)
Morganni % Within 7.1 - - 10 - - - - - - - - - - - - 1.9
NDR
S. aureus Count, (%) - 1 (50) - - - - - - - - - - - - 1 - 2 (100)
(50)
% Within - 7.7 - - - - - - - - - - - - 100 - 1.9
NDR
Others Count, (%) - 3 (75) - - 1(25) - - - - - - - - - - - 4 (100)
% Within - 23.1 - - 7.7 - - - - - - - - - - - 3.8
NDR
E. faecium Count, (%) 1(33.3) - - 1 - - 1(33.3) - - - - - - - - - 3 (100)
(33.3)
% Within 7.1 - - 10 - - 7.7 - - - - - - - - - 2.8
NDR
Total Count, (%) 14 13 11 10 (9.4) | 13 6(5.7) | 13 6(G7 |4B8 |6G7 |3 1 1 3 1 1(0.9) | 106 (100)
(13.2) (12.3) (10.4) (12.3) (12.3) (2.8) (0.9) (0.9) (2.8) (0.9)
% Within 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
NDR

Notes: NDR, Number of Drug Resistance; N, number; MDR, Multi-Drug Resistance (for two or more antibiotics); R2, resistance to two antibiotics; R3, resistance to three antibiotics; R4, resistance to
four antibiotics; R5, resistance to five antibiotics; R6, resistance to six antibiotics; R7, resistance to seven antibiotics; R8, resistance to eight antibiotics; R9, resistance to nine antibiotics; R10, resistance
to ten antibiotics; R11, resistance to eleven antibiotics; R12, resistance to twelve antibiotics; R13, resistance to thirteen antibiotics; R14, resistance to fourteen antibiotics; R15, resistance to fifteen
antibiotics; R16, resistance to sixteen antibiotics; R18, resistance to eighteen antibiotics. Prov. Species, Proventcia Species.
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5.11 Multi-Drug Resistant Report versus the Antibiotic self-medication

As it can be seen in Table 11, among those patients who had MDR bacteria, 9/106 (8.5%) of
them had antibiotics self-medication practice. Three (33.3%) of the patients who had MDR
and ASMP were reported of having resistance to six antibiotics. Among the patients with no
self-medication practice history but with MDR, most of them developed resistance to thirteen
antibiotics (13.4%).

Table 11. The cross tabulation of Multi-Drug Resistant Report versus the Antibiotic self-medication
Practice in the study settings, Addis Ababa, Ethiopia.

Variable Antibiotic SM Practice N (%) Total
Yes No

MDR R2 Count (%) 1(7.2) 13 (92.9) 14 (100)
% Within ASMP 11.1% 13.4% 13.2%
R3 Count (%) 0 13 (100) 13 (100)
% Within ASMP 0.0% 13.4% 12.3%
R4 Count (%) 1(9.1) 10 (90.9) 11 (100)
% Within ASMP 11.1% 10.3% 10.4%
R5 Count (%) 1 (10) 9 (90) 10 (100)
% Within ASMP 11.1% 9.3% 9.4%
R6 Count (%) 3(23.1) 10 (76.9) 13 (100)
% Within ASMP 33.3% 10.3% 12.3%
R7 Count (%) 0 6 (100) 6 (100)
% Within ASMP 0.0% 6.2% 5.7%
R8 Count (%) 1(7.7) 12 (92.3) 13 (100)
% Within ASMP 11.1% 12.4% 12.3%
R9 Count (%) 0 6 (100) 6 (100)
% Within ASMP 0.0% 6.2% 5.7%
R10 Count (%) 0 4 (100) 4 (100)
% Within ASMP 0.0% 4.1% 3.8%
R11 Count (%) 1(16.7) 5 (83.3) 6 (100)
% Within ASMP 11.1% 5.2% 5.7%
R12 Count (%) 1(33.3) 2 (66.7) 3 (100)
% Within ASMP 11.1% 2.1% 2.8%
R13 Count (%) 0 1 (100) 1 (100)
% Within ASMP 0.0% 1.0% 0.9%
R14 Count (%) 0 1 (100) 1 (100)
% Within ASMP 0.0% 1.0% 0.9%
R15 Count (%) 0 3 (100) 3 (100)
% Within ASMP 0.0% 3.1% 2.8%
R16 Count (%) 0 1 (100) 1 (100)
% Within ASMP 0.0% 1.0% 0.9%
R18 Count (%) 0 1 (100) 1 (100)
% Within ASMP 0.0% 1.0% 0.9%
Total Count (%) 9 (8.5%) 97 (91.5) 106 (100)
% Within ASMP 100.0% 100.0% 100.0%
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5.12 Factors Associated with Antibiotics Self-medication Practice

As stated in Table 12 below, the current study revealed that patients who were 50 year-old and
above were about 4 times (AOR: 4.338 (Cl: 1.407-13.380); P-Value: 0.011) more likely to have

antibiotic self-medication practice compared to patients who were 18-24 year-old. Additionally,

most of the patients whose monthly income was less than 4000 birrs (Adjusted Odds Ratio
(AOR): 2.610 (Confidence interval (Cl): 1.331-5.117); p: 0.005) and those patients with no
history of urinary tract infections (UTI) (AOR: 1.952 (Cl: 1.062-3.588); p: 0.031) were

significantly associated with ASMP compared to patients with high-incomes and UTI histories,

respectively.

Table 12. Multiple Logistic regression analysis of the study variables towards Antibiotic Self-medication
Practice in the study settings, Addis Ababa, Ethiopia.

Variable ASMP Crude Odds Ratio Adjusted Odds Ratio
Yes | No (95%, CI; P< 0.05) (95%, Cl; P< 0.05)
Age
18-24 7 (12.7) 29 (6.1) 1 1
25-29 13 (23.6) | 61 (12.8) 1.133 (0.409-3.140) 1.237 (0.428-3.576)
30-34 11 (20) 78 (16.4) 1.712 (0.606-4.838) 2.170 (0.725-6.496)
35-39 7 (12.7) 43 (9) 1.483 (0.470-4.676) 1.888 (0.566-6.305)
40-44 4 (7.3) 53 (11.1) 3.198 (0.864-11.844) 3.914 (0.979-15.639)
45-49 4 (7.3) 33 (6.9) 1.991 (0.529-7.499) 1.997 (0.493-8.092)
=50 9 (16.4) 179 (37.6) | 4.801 (1.659-13.896); 0.004* | 4.338 (1.407-13.38); 0.011*
Married status
Single 22 (40) 112 (23.5) |1 1
Married in lifetime 33 (60) 364 (76.5) | 2.167 (1.214-3.868); 0.009* | 1.659 (0.881-3.125)
Educational level
College and above 34 (61.8) | 220 (46.2) |1 1
Secondary and below | 21 (38.2) | 256 (53.8) | 1.884 (1.062-3.342); 0.03* 0.945 (0.475-1.878)
History of UTI
Yes 36 (65.5) |243(51.1) |1 1
No 19 (34.5) | 233(48.9) | 1.817 (1.013-3.258); 0.045* | 1.952 (1.062-3.588); 0.031*
Monthly income
(Birr)
= 4001 32(58.2) |172((36.1) |1 1
< 4000 23 (41.8) | 304 (63.9) | 2.459 (1.394-4.337); 0.002* | 2.610 (1.331-5.117); 0.005*

Married in lifetime; include currently married, divorced, and separated patients.
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CHAPTER 6. DISCUSSION

This study involved a total of 531 patients collated from three studies in Addis Ababa, Ethiopia.
The overall prevalence of self-medication with antibiotics among adult patients suspected of
urinary tract infections was 10.4%. This proportion is similar to a previous study (Nepal and
Bhatta, 2018). However, this study’s proportion is lower and inconsistent with the findings of
studies conducted in Kampala (Uganda) (Nabaweesi et al, 2021), Khartoum (Sudan)
(Isameldin et al., 2020), Eritrea (Ateshim et a/., 2019), Egypt (Zeid et al., 2020), Dominican
Republic (Aragoneses et al., 2021), Saudi Arabia (Al Rasheed et al., 2016), Pakistan (Gillani
et al., 2021) and Haiti (Moise et al., 2017). The discrepancies in the prevalence results across
the studies may be attributed to uncontrolled distribution of drugs, presence of pharmacies
which dispense antibiotics without prescriptions, sociodemographic characteristics, sample

size, the presence/absence of co-morbidities, and the level of knowledge regarding antibiotics.

According to patient self-reports, the most frequently self-medicated antibiotic in this
present work was amoxicillin. Similar to the current study’s result, it has been reported and
substantiated in some earlier studies conducted in India (Moktan and Shehnaz, 2020), Kabul
(Afghanistan) (Negarandeh et al., 2021), Yemen (Afadly et al/, 2017), Haiti (Moise et al.,
2017), Myanmar (Win et al., 2021) and Saudi Arabia (Al Rasheed et al., 2016). This might be
explained by the fact that amoxicillin is more “familiar” than other antibiotics and the ease of
purchase. Penicillins, which are a class of drugs that includes amoxicillin, were reported to be
the most common antibiotics for self-medication (Roien et al., 2021; Donkor et al., 2019;
Alhomouda et al., 2017).

The most common self-medicated condition treated with antibiotics in this study were
urinary tract infections. This is similar to previously studies (Donkor et al., 2019; Gardiner et
al., 2019). However, this result differs from those of Shabnam and Azim (2015) which found
that flu symptoms, or more specifically, a sore throat prompted most episodes of antibiotic

self-medication (Negarandeh et a/., 2021).

The primary reason for antibiotic self-medication amongst this study group was
previous experience and/or simple familiarity with the drug name. This is similar to previous
studies (Shabnam and Azim, 2015; Alghadeer et al., 2018; Abduelkarem et a/., 2019; Ateshim
et al., 2019). Unlike to this study, other studies reported that other reasons such as cost-
saving, previous experience and lack of time (Negarandeh ef a/., 2021), availability of the drug

at the local drug store (Tobin and Atulomah, 2020), cost saving (Zeid et al., 2020), and socio-
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cultural, economic, and regulatory factors (Alhomouda et a/., 2017) of seeking self-medication

with antibiotics.

In this study, symptom resolution was most cited as a positive result of self-medication.
This result agrees with an earlier study (Ocan et al/., 2015). The primary sources of antibiotics
procurement were local pharmacies. Earlier studies found similar results (Al Rasheed et af.,
2016; Albawani et al., 2017; Abduelkarem et al., 2019; Moktan and Shehnaz, 2020; Yeika et
al., 2021). Lax prescribing protocols or loose pharmacy practices are not uncommon in many
low and middle-income countries contributing to misuse (Ngu et a/., 2018). Additionally, this
study showed that the main source of information for the antibiotics self-medication practice
in most of the patients was the past/own experience. This result is in line to a previous study
(Nusair et al., 2021). But other studies reported different findings from this study (Sattar et
al., 2018; Anaba et al., 2021).

Patients with a monthly income under or equal to 4000 birr were statistically more
likely to practice self-medication with antibiotics compared to those with higher incomes. This
result is similar to studies conducted in Wolaita Soddo, Addis Ababa, and Kolladiba, Ethiopia
(Abrha et al., 2014; Chang et al., 2017; Shafie et al., 2018; Mathewos et a/., 2021).

In low-income countries, self-medication predominates over clinic visits due to its lower
costs. The WHO claims that self-medication provides a cheap alternative to people who are
unable to afford the healthcare costs, and thus, self-medication is often the first response to
illness among people with low income (Suleman et a/., 2009; Abdulraheem et al., 2016).
Usually, most people prefer self-medication rather than suffer the high cost of laboratory tests

and other services often ordered at clinics.

The patients of this study who had no history of urinary tract infections were more
likely to self-medicate compared to patients with infection histories. This practice is similar to
that of pulmonary tuberculosis patients who, too, were less likely to self-medicate with
antibiotics (Ngu et a/, 2018). As reported by Pons et al (2017), similar statement to this
current result, patients with more chronic diseases, are consequently more accustomed to a
set of signs and symptoms related to their health conditions and may therefore opt to seek a

prescription.

The result in this study showed that majority of the patients, 50 years of age and
older, were statistically more likely to self-medicate. This is similar to a previous study (Al

Rasheed et al, 2016). Unlike to the current findings, other study reported a negative
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association between increasing age and self-medication practice with antibiotics (Pons et a/.,
2017; Tobin and Atulomah, 2020).

Some patients of this study who presented MDR bacteria isolates practiced antibiotic
self-medication. Earlier studies conducted at Hawassa (Ethiopia) (Mechal et a/., 2021), Karachi
(Pakistan) (Abdullah et al., 2013), and Lahore (Aftab et al, 2018) support this finding.
Additionally, several earlier reports and reviews indicated that the inappropriate use of
antibiotics contributed to the development of antibiotic resistance (Davies and Davies, 2010;
Vila, 2010; Chon et al., 2012; Anyanechi and Saheeb, 2014; Dougherty and Pucci, 2014; Stein
et al, 2018). Usually, most of the experts have advised the establishment of antibiotic
stewardship index to gauge the proportion of a country’s gross domestic product utilization

that is spent in publicly funded health programs (Walsh and Toleman, 2012).

The present study indicated that, among the adult patients suspected of UTls, the
most common uropathogenic bacteria identified and isolated was Escherichia coli. This result
is in line with previously conducted studies (Aftab et al., 2018; Akter et al., 2020; Nazir et al.,
2021; Mechal et al., 2021; Obakiro et al., 2021). The possible reason why Escherichia coli
presents the highest prevalence in most of the studies is its commonness as a urinary
pathogen (Behzadi et al., 2010) especially in women due to puerperal infections through fecal-

vaginal-urinary transmission (Haider et a/., 2010; Hamdan et a/., 2011).

In this study, £. coli was found to be highly resistant to amoxicillin 32 (100%),
doxycycline 22 (100%), and least resistant to meropenem 1 (3.4%). Other studies bear out
these same results in terms of high resistance towards amoxicillin (Bhatt et a/., 2012; Mahdi
et al., 2016; Parajuli et al., 2017; Somily et al., 2017). Meropenem was reported to be the
most effective drug. However, it should not be administered empirically unless infections are
life threatening. Carbapenems are considered the drugs of last resort (Shakya et al/., 2017).
Despite of this, use of “last-resort” antibiotics, such as carbapenems has increased. Between
2000 and 2010, the global consumption of carbapenems increased by 45% (Van Boeckel et
al., 2014).

In the current work, among the antibiotics tested on £. col/ isolates, the fourth-
generation fluroquinolone, moxifloxacin, showed maximum efficacy and was 100% sensitive
against £. coli. This finding is supported by an earlier report (Lemmen et al., 2003). In this
study, more than 80% of self-medicating patients self-reported that the practice was
unacceptable. This result is dissimilar to a study performed in Kabul (Afghanistan) (Roien et
al.,, 2021).
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CHAPTER 7. CONCLUSION

This study revealed that SM with antibiotics for urinary tract infections is a common practice
in Addis Ababa, Ethiopia. Worryingly, some of these patients have developed multi-drug
resistance urinary tract infections. The two most common uropathogenic organisms detected
were £. coli and K. pneumoniae. In most of the cases, these uropathogenic bacteria were

resistant to the commonly prescribed antibiotics.

CHAPTER 8. STRENGTHS and LIMITATIONS

Some possible limitations to the study are the nature of the study design, which was a cross-
sectional study, or possible recall bias for some of the questions. The strengths of this study
were its urban setting and hospital/diagnostic centers whose laboratories were accredited by
national and international organizations. The study focused on the presence of antibiotic self-

medication practice among the adult patients with MDR bacteria-induced UTIs.

CHAPTER 9. RECOMMENDATION

This study makes the following recommendations targeting the reduction of antibiotic self-

medication:

o Ethiopian public health authorities must enforce existing laws on antibiotics and
develop a collaborative pharmacy approach to stem the dispensing of antibiotics

without a prescription.

e Develop a public health campaign to enlighten the general public regarding

inappropriate antibiotic use.
e Promote antibiotic according to microorganism sensitivity.

o Develop hospital protocols which target evaluation and treatment of patients with

suspected urinary tract infections.
e Educate medical students regarding appropriate antibiotic use and its misuse.

e Pursue research into sensitive and specific point-of-care tests for rapid diagnosis of
UTls.

e Promote antibiotic stewardship indexes to gauge the proportion of a country’s gross
domestic product spent for publicly funded health programs (Walsh and Toleman,
2012).
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PART-THREE:

In Vitro Antioxidant, Antibacterial Activities and Phytochemical
Screening of Selected Ethno-Medicinal Plants against Patient

Isolated MDR-Uropathogenic Bacteria, Addis Ababa, Ethiopia

85



List of Abbreviations

ABTS
ATCC
CLSI
DMSO
DPPH
E. coli
EPHI
FIC
FRAP
GC-MS
1C50%0

J. shimperiana

K. pneumoniae ESBL

MBC

MDR

MHA

MHB

MIC

oD

QE

R. prinoides
T. schimperi
TFC

TPC

TPROC

2, 2'-azino-di-(3-ethylbenzthiazoline sulfonic acid
American Type Culture Collection

Clinical and Laboratory Standard Institute
Dimethyl sulfoxide

2,2-diphenyl-1-picrylhydrazyl

Escherichia colf

Ethiopian Public Health Institute

Fractional Inhibitory Concentration

Ferric Reducing Antioxidant Power
Gas-chromatographic coupled with Mass Spectrometry
Inhibitory Concentration 50%

Justicia shimperiana

Klebsiella pneumoniae Extended Spectrum Beta-lactamase
Minimum Bactericidal Concentration

Multiple Drug Resistance

Mueller-Hinton agar

Mueller-Hinton Broth

Minimum inhibitory Concentration

Optical Density

Quercetin Equivalence

Rhamnus prinoides

Thymus schimperi

Total Flavonoid Content

Total Phenol Content

Total Proanthocyanidin Content

86



CHAPTER 1. INTRODUCTION
1.1  Background

Since primeval times, human beings have used natural products to relieve and treat diseases
for themselves and their livestock. Traditional medicine has been in existence even before the
advent of modern medicine. It continues to remain as an alternative care available for the
majority of the developing countries due to its intrinsic qualities, unique, and holistic

approaches as well as its accessibility and affordability (Nigussie, 2021; Nigussie et al., 2021).

Plants have been used for the treatment of various disorders regardless of their safety
and efficacy profiles. Previous studies indicated that approximately 80% of the global
population relies on traditional medicine for their primary healthcare (Joos ef al., 2012; Pathak
and Das, 2013). According to the WHO, medicinal plants are believed to be the best source
for getting a diversity of drugs (Yuan et al, 2016; WHO, 2021). Nowadays, there is a
widespread interest in medicines derived from plants, and it is reported that green medicine
is safe and reliable because it contains components and secondary metabolites such as
polyphenols, alkaloids, volatile oils, among others, which have therapeutic properties. To this
end, formulation of plants for standardization and regulation of phytomedicinal products is the
most alternative way (Oluduro, 2012; Abew et al., 2014). At present, at least 25 % of the
active substances of produced pharmacological drugs are obtained from plants (Sekar and
Kandavel, 2010). Ethnobotanical study and knowledge on medicinal plants would contribute

to improve human health on a local and/or a global level (Yineger et a/., 2008).

The genus Rhamnus consists of 137 species and 19 synonyms (Anonymous, 2021).
Rhamnus prinoides is a dicotyledonous angiosperm, which belongs to the genus Rhamnus
under the family of Rhamnaceae. 1t is commonly known as dark blinkblaar, dogwood, and
shiny leaf (Dlamini and Turner, 2002). Rhamnus prinoides L'Herit (Rhamnus prinoides) is an
endemic plant to Ethiopia which grows to a height of about six meters, ecologically
widespread, and locally cultivated from medium to high altitudes (1000-3200 m) (Chen et al.,
2020) and it is widely planted in gardens (Campbell et a/., 2019; Chen et al., 2020). Although,
R. prinoides is a slow growing plant in low rainfall areas, it can grow 1 m per annum in wet
areas (Ferede et al., 2018).

In Ethiopia, Rhamnus prinoides is traditionally used to prepare alcoholic beverages,
‘tella’ and 'tej' (Amharic) and treat different kinds of bacterial infections. Intensive studies on
Rhamnus prinoides revealed that it exhibits strong antioxidant properties due to presence of

polyphenols in sufficient amounts (Chen et al., 2020). Moreover, the antimicrobial activities of
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crude extracts from leaves, bark, and root of Rhamnus prinoides had been studied extensively
(Molla et al., 2016; Campbell et a/., 2019).

In Ethiopia, Rhamnus prinoides (also known as “Gesho” in Amharic) is used as laxative,
diuretic, preventive for syphilis, depurative and cholagogue. For children with tonsillitis or with
tonsils removed (a common practice because the tonsils are considered responsible for
'sickness' in general), some macerated leaves of gesho are put in the mouth to relieve the
pain (Muzila et al., 2010; Kiringe, 2006). In Ethiopia, R. prinoides (Gesho) is used to add
flavour to the local drinks, tella and tej brewed from fermented barley, sorghum or finger
millet (d’Avigdor et al., 2014).

The search for new antibacterial agents, particularly, has increased in the last decade
mainly because of the increase in bacterial infections especially in countries with poor
populations and more so because of bacterial resistance to current antibiotics (Ahameethunisa
and Hopper, 2010). Chemical and biological investigations of folk medicinal plants with the
reputation of being curative have provided the world with many clinical drugs (l1zzo and Ernst,
2009).

Justicia schimperiana (Hochst. ex Nees) is very common in villages and towns as well
as in cities growing on waste places or grown as a hedge. They are used as a boundary marker
around native compounds. The plant is relatively fast growing and prefers altitudes of 2400

m or above (Getahun, 1976).

Justicia schimperianais a plant belonging to the family of Acanthaceae. J. schimperiana
and is locally known as “sensel or smiza” in Amharic, and “umuga” in Oromifa. In the local
communities, this plant is commonly claimed to be used for treatment of many diseases such
as constipation (Murthy et al., 1993), Scabies (Gedif and Hahn, 2003), skin lesion (Giday et
al., 2007), tooth ache (Wondimu et a/., 2007) and stomach-ache and burning (Teklehaymanot,
2009). Moreover, the crude extract of J. schimperiana has exhibited antibacterial activity

against Neisseria gonorrhea and Shigella flexineri (Geyid et al., 2005).

Supposedly, Justicia shimperiana has different local names in Ethiopia including
“dhumuugaa” in Afaan Oromoo, “Sensel” or “Simiza” in Amharic, and “Surpa,” “Kasha,” or
“Keteso” in Sidama. This plant has several medicinal uses in different areas of Ethiopia.
Accordingly, the ethnobotanical study reports showed that the plant is used in the treatment
of various ailments such as evil eye, hepatitis B (jaundice), rabies, asthma, common cold,

stomachache, diarrhea, tapeworm infestation, anthrax, wound, external parasite, ascariasis,
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and skin irritation (Teklehaymanot and Giday, 2007; Yineger et al, 2008; Abera, 2014;
Chekole et a/., 2015).

The genus Thymusis one of the most taxonomically complex genera in the Lamiaceae
family. It includes 250-350 species and varieties of wild growing evergreen species of
herbaceous perennials, subshrubs and aromatic (Kindl et al, 2015). Thymus, an aromatic
plant belonging to the Lamiaceae family (Derbie and Chandravanshi, 2011; Hailemariam and
Emire, 2013) has been reported to be found in different parts of Ethiopia. The two species,
Thymus schimperi Ronniger and 7. serrulatus are locally known as Tosign in Amharic, and
both are endemic to the Ethiopian highlands. They grow on edges of roads, in open grassland,
on bare rocks and on slopes, between 2,200-4,000 m altitudes. Both species are perennial
herbs, woody at the base and are 5-40 cm high (Derbie and Chandravanshi, 2011). In west
highlands of Ethiopia 7. schimperiis one of herbal spices grown in home garden and used as
ingredients of mixed spice used in cooking and for medicinal purposes (Alemayehu et a/.,
2015). 7. schimperi was used not only to cure human diseases, but also for cattle, while its
flower for honey around Odo Bulu, Bale and Demaro region of Ethiopia (Yineger et al/., 2008).
T. schimperi is also used for treatment of circulatory disorder in Ada’a District, East Shewa

Zone of Oromia Regional State, Ethiopia (Meresa, 2017).

1.2  Statement of the problem

The use of herbal knowledge in the development of pharmaceutical industries and primary
healthcare in many nations of the world is rapidly growing amidst rising clinical health and
unstable therapeutic concerns associated with synthetic drugs. Pharmacopeias derived from
natural herbs is now rife in the global pharmaceutical market and has become a huge
investment (Mahomoodally, 2013). In recent decades alone, there have been growing global
concerns on the rising cost of buying synthetic drugs, assessing their toxicological profile, and
redressing their periodic side-effects and unstable efficacy (Gupta et a/., 2016). Thus, plant-
derived medicine accounts for more than a quarter of today’s pharmacopoeia and over EUR
3.5 billion in annual export value of pharmaceutical (Eddouks and Ghanimi, 2013). Herbs can
be very effective in programs for resolving urinary tract infections and typhoid fever
(Tambekar and Dahikar, 2010).

The WHO estimated that about 65% of the world population use medicinal plants for
their primary health care. In addition, approximately 39% of the drugs developed since 1980
have been derived from plants and their derivatives (Nwonuma et al., 2020). Biomedical

science has exploited plants as the potential sources of drugs to prevent and cure human
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diseases. The WHO has recognized antimicrobial resistance as a global health security threat
that requires action across government sectors and society as a whole (Van Duin and Doi,
2017).

Antibiotics are commonly used to treat bacterial infections. However, the uncontrolled
use of antibiotics certainly contributes to the emergence of multidrug resistance (MDR) against
many bacterial strains (Bologa et a/., 2013). Patients infected with MDR bacteria may suffer
from a prolonged disease that is difficult to treat and requires higher costs of treatment. The
emergence of MDR bacteria has further compromised the accessibility and affordability of
many currently prescribed antibiotics worldwide (Falcone and Paterson, 2016; Van Duin and
Doi, 2017). To this effect, the search for an innovative antibiotic from natural sources is
ultimately an important segment of modern medicine could overcome the socio-economic and

health impacts caused by MDR microbes (Bakal et a/., 2017).

Almost in every territory of Ethiopia, the traditional medicine is involved in the delivery
of healthcare as it is integrated within the local culture, and this makes it accessible to the
majority of the population (Bekele and Reddy, 2015). However, regulation of the traditional
medicine practice is difficult under the nationwide framework on its safety and effectiveness
using the common medicine categorizations and descriptions (Adams et al, 2013; WHO,
2013). In Ethiopia, there has not yet been any herbal remedy officially confirmed by the
Ethiopian Food and Drug Authority (EFDA) to ensure the overall quality of herbal medicines.
Therefore, the experience of the European Union countries could be used as springboard to
Ethiopia in establishing a regulatory platform to ensure the safety, efficacy and quality of
traditional herbal medicines. As it is known, in the European Union, the European Medicine
Agency (EMA) has a well-organized legislative framework for registration of herbal medicines
depending on traditional use of medicine and available scientific evidence (European Medicine
Agency, 2019; Demeke et al., 2022).

Over the past several decades, UTI is one of the most common infections. It is mostly
caused by Gram-negative bacteria namely E. coli, P. aeruginosa and P. pneumoniae (Fair and
Tor, 2014). In this regard, medicinal plants can be used to overcome socioeconomic and
health impact caused by MDR bacteria, including methicillin resistance staphylococcus aureus
and MDR Gram-negative bacteria such as £. coli and K. pneumoniae (Rossiter et al., 2017;
Gadisa et al., 2019; Khameneh et al., 2019). The majorities of emerging infectious events are
caused by bacteria which can be associated with evolution of drug resistant strains and

overwhelming of the natural host defenses (Malka et a/., 2010).
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For years, plants have been evaluated for antimicrobial and their resistance-modifying
activities (Gibbons, 2004). Due to the synergistic effects of combining extracts with antibiotics,
multi-target effects have been achieved (Wagner and Ulrich-Merzenich, 2009). The
combinations of drug-herbals have been reported to improve the efficacy of chemotherapeutic
agents with low side-effect profiles to the living tissues (Mgbeahuruike et a/., 2017) and
antibiotics having no intrinsic antibacterial activity as well as susceptibility of bacteria to

previously ineffective antibiotics (Aiyegoro et al., 2010).

Importantly, the method to tackle these infectious diseases might be establishing the
therapeutic potential of medicinal plants. To this end, this study investigated the /n vitro
antibacterial and antioxidant activities of the hydromethanolic leaf extracts of 7hAymus
schimperi, Rhamnus prinoides, and Justicia shimperiana in the test against MDR
uropathogenic £. coli and K. pneumoniae ESBL and reference strains. Furthermore, it was
performed a qualitative/quantitative phytochemical screening, the identification and
characterization of the bioactive phytochemical constitutes using gas chromatography coupled
with mass spectrometry (GC-MS), and the study of synergistic activities between ciprofloxacin

and plant extracts.

1.3 Significance of the study

The present work has revealed that the studied plants are potential sources of antimicrobial
agents and demonstrated the importance of such plant extracts as an alternative medicine for
MDR bacteria induced UTIs regardless of safety and efficacy profiles as well as providing basic
nutrition requirements. In future, verifying the safety and efficacy of lead compound obtained
from plant sources will allow and favor its combination with standard antibacterial drugs (drug-

herb combination).
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CHAPTER 2. LITERATURE REVIEW

Living cells are highly susceptible to injury induced by oxygen and the more reactive products
of its metabolism. Organisms, therefore, have the ability to produce or acquire antioxidant
compounds that help to mitigate the deleterious effects of living in Earth’s highly oxidizing
environments. But Earth was an oxygen-free (anaerobic) planet until microbes evolved the

ability to produce molecular oxygen (O2) through photosynthesis (Ruszczycky and Liu, 2017).

Plant antioxidants are a natural reservoir of bioactive compounds. They play important
roles in plant acclimation and adaptation to environmental challenges but are also beneficial
for human health. As sedentary organisms, plants cannot escape from environmental
challenges, originating from natural origin (e.g., temperature, water availability, soil
composition, pests) or from anthropogenic practices (e.g., destruction of habitats, pollution).
Diverse abiotic factors, like pollution as well as nutrient deficiency, temperature regimes
(heat/cold), water supply (drought/flooding), light intensity, day/night rhythms, and radiation,
modify the balance between production and scavenging of reactive oxygen species (ROS) and
induce a phenomenon well known as oxidative stress (Meena et al., 2017; Garcia-Sanchez et
al., 2020; Gou et al., 2020; Nadarajah, 2020).

Natural products have gained significant appreciation as an alternative and/or
complementary healthcare approach with extensive pharmaceutical and biological properties
(Aryal et al., 2021). Natural antioxidants present in the plants scavenge harmful free radicals
from our body. Free radicals are any species capable of independent existence that contains
one or more unpaired electrons which react with other molecule by taking or giving electrons,
and involved in many pathological conditions (Madhavi et a/., 1996), and they play very
important roles in human health and beneficial in combating against several diseases like
cardiovascular disorders, lung damage, and inflammation. These free radicals are highly
unstable and when the amount of them exceed in the body, they can damage the cells and
tissues and may involve in several diseases. Thus, there is a need of antioxidants of natural
origin because they can protect the human body from the diseases caused by free radicals
(Mishra et al., 2007; Upadhye et al., 2009).

The generation of highly reactive oxygen species (ROS) with a lone unpaired electron
induce oxidative stress and plays a key role in the pathogenesis of numerous physiological
conditions, including cellular injury, aging, cancer, and hepatic, neurodegenerative,
cardiovascular and renal disorders (Madamanchi et a/., 2005; Losada-Barreiro and Bravo-Diaz,

2017). Many plants synthesize secondary metabolites naturally, including flavonoids and
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polyphenols which act as antioxidants and play a critical role in different biological activities
(Carvalho et al., 2010; Nichols and Katiyar, 2010). Therefore, plants and natural products
could be a major source of antioxidants that can scavenge free radicals and protect from

excess oxidative stress-induced ailments.

Medicinal plants are effective in the treatment of infectious diseases occurring on both
human and animals of different species (Adetutu et a/, 2011). Additionally, several studies
have reported that medicinal plants contain different bioactive ingredients/secondary
metabolites which provide health benefits (Saeidi et a/., 2015). Alkaloids, flavonoids, tannins,
phenols, saponin, steroids, glycosides, and terpenes are some of the plant’'s major secondary
metabolites (De Silva et a/.,, 2017) that have antioxidant, anti- inflammatory, anti-cancer, and

anti-microbial properties (Majekodunmi, 2015).

The antibacterial activities of plants can be related to phytochemical compounds which
can protect the human body against microbial infection. The most important phytochemicals
are flavonoids, alkaloids, and terpenoids (Kumar et al., 2013). Flavonoids (Khalid et a/., 2019)
and terpenoids (Broniatowski and Mastalerz, 2015) have been recognized to show strong
antibacterial activities. In a related study, it has been reported that the essential oils have

antibacterial, antifungal, antioxidant and anti-diabetic activties (Sut et al/., 2020).

Recently, there is an increase in significancy of plants and plant extracts due to their
therapeutic properties. Further, plants have some advantages such as efficacy, safety, cultural
acceptability, better compatibility with human body and lesser side effects (Khomarlou et a/.,
2017). Antibacterial activity of methanol and chloroform leaves extracts of R. prinoides against
Staphylococcus aureus, Streptococcus pyogenes Rosenbach, and Streptococcus pneumoniae
revealed minimum inhibitory concentration ranging from 8.13-32.5 mg/mL and 8.13-16.25
mg/mL, respectively, compared to a positive control cefotaxin (0.03 mg/mL) and ampicillin
(0.01 mg/mL) ranged from 23.67- 28.00 mg/mL in both fractions, respectively (Molla et a/.,
2016).

The acetone leaf extracts of R. prinoides showed antimycobacterial activity with
minimum inhibitory concentration (MIC) values ranging from 0.625 to >2.5 mg/mL aganist
three fast-growing mycobacteria species re. Mycobacterium smegmatis Trevisan,
Mycobacterium aurum Tsukamura and M. fortuitum Da Costa Cruz and one pathogenic M.
tuberculosis strain (Dzoyem et al., 2016). Further, semi-purified ethanolic stem and stem bark
extracts of R. prinoides with higher contents of polyphenols and flavonoids displayed anti-

inflammatory activity through reducing the Nitric Oxide production at the dosage of 11.11-
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100 pg/mL and the COX-2 inhibitory activity with an IC50 value at 20.61 £0.13 pyg/mL (Chen
et al., 2020).

Agueous extract of Justicia schimperiana (200 mg/kg and 400 mg/kg, p.o.) showed
significant tolerance (p < 0.05) to oral glucose load at 1 and 2 hours after glucose load. The
extract also produced significant (p < 0.05) blood glucose reduction at 4 hours after its
administration in normoglycemic mice. The extract at 400 mg/kg dose level produced
significant (p < 0.05) reduction in blood glucose level at 2, 3 and 4 hours of treatment in
streptozotocin (45 mg/kg) induced diabetic mice. Acute oral toxicity studies of aqueous extract
of Justicia schimperiana leaves in rats showed no death or signs of toxicity at the dose of 2000
mg/kg indicating the safety nature of the extract (Tesfaye et al, 2016). Furthermore, the
phytochemical analysis on the rn-hexane extract of Justicia schimperiana showed the presence
of alkaloids, polyphenols, flavonoids, glycosides, saponins, triterpenes, and quinones (Abebe
et al., 2014). Additionally, another experimental study also confirmed that chloroform,
methanol, and aqueous fractions of the leaves of Justicia schimperiana had an antimalarial
activity (Abdela et al., 2014).

In a study of evaluation, the /7 vivo hepatoprotective activity of Justicia schimperiana
(Hochst. ex Nees) used in Ethiopian traditional medical practices for the treatment of liver
diseases, pretreated mice with the hydro-alcoholic extracts of J. schimperiana significantly
suppressed the plasma aspartate aminotransferase activity (AST) (p < 0.01) and ALT activity
(P < 0.05) when compared with the carbon tetrachloride (CCl4) intoxicated control. Within
the Soxhlet extract of the plant, the methanol extract of J. schimperiana showed significant
hepatoprotective activity. Further fractionation of this extract using solid phase extraction and
testing them for bioactivity indicated that the fractions did not significantly reverse liver toxicity
caused by CCl4. However, the percentage hepatoprotection of the distilled water fraction was
comparable with that of the standard drug silymarin at the same dose (50 mg/kg) as

evidenced by biochemical parameters (Umer et al., 2010).

The 80% methanolic leaf extract of J schimperiana was evaluated for its activity
against castor oil induced diarrhea, enteropooling, and gastrointestinal (GI) motility in mice.
A significant reduction (p < 0.001) in the total defecation and diarrheal drops was produced
by all the test doses of the extract. Percentage inhibition of wet feces was 42.58, 65.07, and
74.96% at 100, 200, and 400 mg/kg doses of the extract, respectively. The extract also
significantly inhibited castor oil-induced enteropooling at all test doses. The percent reduction
in mean weight of intestinal contents was 66.96, 67.83, and 76.52% at 100, 200, and 400

mg/kg doses of the extract, respectively. The extract significantly reduced GI movement of
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charcoal meal as well at 200 (p < 0.01) and 400 mg/kg (p < 0.001) doses (Mekonnen et al.,
2018).

The methanol extract of J. schimperiana showed strong inhibition activity against S.
dysentery and E. coli with a zone size of 14.5 £ 0.5 mm and 16 £ 0.2 mm and MIC values of
3.12 mg/mL against £. coli and S. dysentry. Highly prominent activity was produced by the
ethanol extract of R. chalepensis with the highest zone of 15 + 0.5 mm diameter observed in
S. typhi, followed by S. aureus 13 = 0.11 mm with the MIC value of 1.56 mg/mL against S.
typhi. Four antibiotics were used as standard for the testing of antibacterial activity against
six different human pathogens. Among the antibiotics Ciprofloxin showed maximum zone of
inhibition ranging from 20-35 mm followed by kanamycin, tetracycline and chloramphenicol
(Tedila et al., 2019). Essential oils are complex mixtures of volatile substances. Usually, they
are generally present at low concentrations and used for their flavor and fragrances in food,

pharmaceutical and perfumery industries (Maffei et a/., 2011).

The anti-rabies activities of three plant extracts were tested in three different doses:
300, 2000 and 5000 mg/kg in mice and compared with positive control based on the difference
in mean survival time of group of mice challenged with rabies virus (CVS-11). The result
showed that P. dodecandra, J. schimperiana and combination of all the three plant extracts
at 300 and 2000 mg/kg dose levels and C. macrostachyus at 300 and 5000 mg/kg doses didn’t
significantly (p > 0.05) increase the survival period of mice. However, at 5000 mg/kg dose
level for P. dodecandra (p = 0.002), J. schimperiana (p = 0.038) and combination of all the
three extracts (p = 0.021) and at 2000 mg/kg dose level for root bark of C. macrostachyus (p
= 0.011), the plant extracts were significantly (p < 0.05) increasing the survival time of mice
(Zewde et al., 2019). Partly, in a chemical composition identification test, from the essential
oil of Justicia schimperiana, 28 compounds were identified making up 75.18%, the essential
oil of Justicia schimperiana has not showed obvious activity against £scherichia coli, Bacillus
subtifis and Candida albicans (Abebe et al., 2018).

In Ethiopia 7. schimperi possesses antibacterial, anthelmintic, and antifungal activity
(Melka et al., 2016; Awraris and Bhagwan, 2011; Bekalo et a/., 2009). Aqueous and methanol
80% extract of 7. schimperi showed a reduction in blood glucose levels in a dose- and time-
dependent manner. 7. schimperiaqueous and methanol extracts at 250 and 500 mg/kg doses
showed reduction of (22.65% and 33.15%) and (30.06% and 38.35%) in plasma glucose
levels, respectively after 4 h of extract administration (Guesmi et al, 2014). The oral
administration of aqueous extract of 7. schimperileaves and its essential oil distillate at doses
of (250, 500, 750 and 1000 mg/kg) and (1 and 1.5 mL/kg) was respectively evaluated for
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their diuretic and anti-hypertensive activity against salt-sucrose induced hypertensive rats.
The aqueous extract of 7. schimperileaves for all mentioned doses showed positive diuretic
activity at 5 hour and the two higher doses significantly increased Na*, K* and CI- content of
urine (Dires et al., 2018).

T. schimperioil had moderate antibacterial effect on tested Enterobactericeae; 17 mm
and 24 mm inhibition zone in diameter against £. coliand K. pneumoniae, respectively. It had
also considerable inhibition zone in diameter; methicillin-susceptible staph (MSSA) and
methicillin-resistant staph (MRSA) (24 mm) (Cutillas et al., 2018). 7. schimperi, which is found
/n Bale, is composed of carvacrol (63%) as the major constituent whereas 7. schimperi from
Gonder, Shewa and Wello is composed of thymol (36%-38%) as a dominant phytoconstituent.
The essential oil of 7. serrulatus collected from the Tigray region had thymol (49%) as the
major constituent, similar to 7. schimperiwhich is found around Dinsho village (South-Central
Ethiopia) (Dagne et al., 1998; Debelo et al., 2015). The essential oil of 7. schimperiindicated
strong effect on the fungal pathogen (Aspergillus niger) after applying 10 pL/disc of the oil,
which completely inhibited up to a diameter of 36 mm and its minimum inhibitory
concentration (MIC) was estimated to be lower than 5 pL/disc, which was related with other
finding (Esubalew et al/., 2017).

In an evaluation study, the antibacterial activities of the essential oils (EOs) of Thymus
serrulatus and Thymus schimpericollected from Ofla (Ofl), Alamata (Ala), Yilmana Densa (Yil),
Tarmaer (Tar), Butajira (Buta), and Bale (Bal) in Ethiopia against cariogenic bacteria
(Streptococcus mutans and Lactobacillus) isolated from human teeth. Inhibition zones (1Zs),
minimum inhibitory concentrations (MICs), and minimum bactericidal concentrations (MBCs)
were measures of the antibacterial activity. Significant bacterial inhibitions resulted in
concentration and EO-dependent manner. At 128 puL/mL, 1Zs against S. mutans were 37.33
mm (Tar), 36.00 mm (Bal), 33.67 mm (Yil), 33.33 mm (Ofl), 30.00 (Ala), and 29.67 mm (Buta)
and 1Zs against Lactobacillus were 31.00 mm (Tar), 30.67 mm (Yil), 27.67 (Bal), 27.00 (Buta),
26.67 (Ofl), and 21.33 (Ala). The respective inhibition zones due to 3% DMSO (negative
control) and 3% H.0. (positive control) were 0.00 mm/30.00 mm against S. mutans and 0.00
mm/29.00 mm against Lactobacillus. At 128 pL/mL concentration, all the EOs resulted in
significantly higher inhibition zones than that of 3% H.0: against S. mutans and Lactobacillus
(Damtie and Mekonnen, 2020).
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The antibacterial potential of mixed oil depends on the concentrationss and type of
the EOs and bacteria species. The combined EOs of Blepharis cuspidata and 7. schimperi had
inhibition zone (39 mm), its MIC and MBC value was 0.39 pL/mL against MRSA. It had
inhibition zone (28-35 mm), MIC value 0.39-6.25 pL/mL and MBC (0.78-12.50 pL/mL) against
MDR E. coli and K. pneumoniae. Whereas combined effects of Blepharis cuspidata and
Boswellia ogadensis had MIC values ranges from 0.78-6.25 pyL/mL for E. coli and K.
pneumoniae and 1.56 pL/mL for MRSA. There was strong synergistic effect between the
combination of Blepharis cuspidata and T. schimperi. This study revealed that Gram-negative

bacteria were slightly less susceptible than gram positive (Gadisa et a/., 2019).
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CHAPTER 3. OBJECTIVES

3.1 General Objective

To evaluate the /n vitro antioxidant, antibacterial activities, qualitative and quantitative
phytochemical composition, GC-MS characterization, and synergistic interactions of
ciprofloxacin with the crude leave extracts of Rhamnus prinoides, Thymus schimperi, and

Justicia shimperiana.

3.2 Specific Objectives
3.2.1 Phytochemical Profile and Antibacterial activities of the extracts

— To determine the qualitative phytochemical screening of the different crude extracts.
— To determine the antibacterial activity of the crude extracts.

— To determine the antibacterial activity of the extracts combination.

— To identify the minimum inhibitory concentration (MIC) of the crude extracts.

— To determine the MIC of the extracts combination.

— To identify the minimum bactericidal concentration (MBC) of the extracts.

— To identify the MBC of the extracts combination.

— To assess synergistic activity of the extracts combination with ciprofloxacin.

3.2.2 Antioxidant activity of the extracts

— To determine the antioxidant and free radical scavenging activities of the three extracts.

— To estimate the quantity of the phenol, flavonoid and proanthrocyanidins contents.

3. 2. 3 GC-MS chemical profile

To identify the bioactive chemical constitutes through GC-MS analysis on the extracts.
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CHAPTER 4. MATERIALS AND METHODS

4.1 Plant Collection and Study Areas

Fresh leaves of Rhamnus prinoides was collected from the cultivated garden of a family on
15" May 2021 in Addis Ababa, Ethiopia. Then after, it was identified by taxonomist at National
Herbarium, Department of Biology, College of Natural and Computational Sciences, Addis
Ababa University and the specimen (number ME 001) and deposited for future reference. The
second plant, Thymus schimperi leaves were collected on 30" July 2021 from Debre Birhan
town near villages, Amhara Region, Ethiopia which is 120 Km away from Addis Ababa to
Northwest direction. The third plant, Justicia shimperiana leaves were collected from Debre
Markos, East Gojjam Zone, Amhara Region, 300 Km away from Addis Ababa, Northwest,
Ethiopia. The /n vitro antioxidant study was carried out in Addis Ababa University, College of
Natural and Computational Sciences, in the Center of Food Science and Nutrition, Addis Ababa,
Ethiopia. However, the antibacterial study was done in Ethiopian Public Health Institute
(EPHI), Traditional and Modern Drugs Studies Directorate, Pharmacology laboratory, Addis
Ababa, Ethiopia. The GC-MS analysis of the extracts was done in J/JE LaboGlass Private
Limited Company, Addis Ababa, Ethiopia.

4.2 Chemicals and Reagents Used

In this study, the chemicals used were 2,2-diphenyl-1-picrylhydrazyl (DPPH) (Sigma-Aldrich-
America), ascorbic acid (vitamin C), 2,2'-azino-di-(3-ethylbenzthiazoline sulfonic acid (ABTS)
solution (Roche Diagnostic GmbH, Germany), (x)-6-Hydroxy-2,5,7,8-tetramethylchromane-2-
carboxylic acid (Trolox®) (Sigma-Aldrich, America), ferrous sulfate, potassium persulfate (Carl
Roth GmbH+ Co.KG, Germany), ciprofloxacin powder, catechin, gallic acid, Dimethyl sulfoxide

(DMSO), and methanol (Alpha Chemika, India). The solvent methanol was of analytical grade.

4.3  Study Design

A randomized experimental study design was used to carry out the phytochemical screening
test and /n vitro antibacterial activity evaluation of the selected medicinal plants against the
patient isolated multi-drug resistance uropathogenic bacteria. All experimental tests were

done in triplicates alongside the positive and negative controls.
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4.3 Plant Extraction

Although a standardized extraction protocol has not been developed for herbal extracts, 20—
95% of the solvents substances are frequently used by the herbal medicine industry to prepare
plant crude extracts (Zhang et al., 2018). All three medicinal plants: Rhamnus prinoides,
Thymus schimperi, and Justicia shimperiana were extracted with 80% methanol (and 20%
distilled water). Two hundred grams of air-dried powdered plant (7hymus schimperi), 150
grams (Rhamnus prinoides), and 250 grams (Justicia shimperiand) materials were placed in a
flat-bottom flask filled with 800 mL of methanol and 200 mL (distilled water) extracting
solvents and macerated for 72 hours over a rotary shaker at 121 rpm. The suspension was
filtered every 24 hours with Whatman Number 1 paper. The residue was re-macerated for the
second and third times with fresh solvent. The resulting filtrate was then concentrated under
reduced pressure in a rotary evaporator (R-300). The filtrate residue was further dried,
followed by a water bath at 45°C, until the solvent was removed. After the solvent was
evaporated, the remaining crude extracts were diluted with 10 mL of sterile distilled water
and kept in an airtight bottle in the refrigerator until the experiment was carried out (Mulatu,
2020).

4.4 Phytochemical screening

The qualitative phytochemical tests for the identification in the hydromethanolic (80%
methanol) crude extract of leaves of Rhamnus prinoides, Thymus schimperi, and Justicia
shimperiana were carried out by the methods described in (Harborne, 1973; Sofowra, 1993;
Evans, 2002; Ayoola et al., 2008; Aiyelaagbe and Osamudiamen, 2009; Farhan et a/., 2012;
Godghate et al., 2012; Pandey and Tripathi, 2014; Jaradat et a/., 2015; Prabhavathi et al.,
2016). All the extracts (0.05 g/mL) were subjected to phytochemical screening and performed
following the standard protocols using different reagents and chemicals for the detection of

the following constituents.

Test for Alkaloids: To the filtrate in test tube, 1 mL of Mayer’s reagent was added drop by

drop. The formation of a greenish coloured or cream precipitate indicated the presence of

alkaloids.

Test for steroid: Crude extract was mixed with 2mL of chloroform and concentrated H>SO4

was added sidewise. A red colour produced in the lower chloroform layer indicated the

presence of steroids.
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Test for Flavonoids: 2 mL of each extract was added with 2 mL of 2.0% sodium hydroxide,

formation of intense yellow colour is observed. To this, 2 drops of 70% dilute hydrochloric
acid were added and yellow colour was disappeared. Formation and disappearance of yellow

colour indicates the presence of flavonoids in the sample extract.

Test for saponins: Crude extract was mixed with 5mL of distilled water in a test tube and it

was shaken vigorously. The formation of stable foam was taken as an indication for the

presence of saponins.

Test for Anthocyanin: Approximately 2 mL of the prepared plant extracts were added to 2 mL

of 2N HCI and ammonia. The appearance of a pink red coloration that turned blue violet

indicated the presence of anthocyanin.

Test for Coumarin: About 3 mL of 10% NaOH were added to 2 mL of plant extracts. The

formation of a yellow colour was an indication for the presence of coumarins.

Test for phenols and tannins: Two milliliters of 5% solution of FeCls; were added to 1 mL crude

extracts. A black or blue-green colour indicated the presence of tannins and phenols.

4.5 Inoculum preparations and standardization

The patient isolated MDR bacterial strains from urine sample came for urine culture, £. cof,
and K. pneumoniae ESBL and reference strains such as E£. coli (ATCC25922), and K.
pneumoniae (ATCC700603) were utilized to evaluate antibacterial activities of crude plant
extracts. The clinical isolates were obtained from Arsho Medical Laboratory, Addis Ababa,
Ethiopia. Each bacterial strain was inoculated and incubated (Incubator memmert }) for 24
hours at 37°C. To prepare the final inoculum, the cultures were diluted with fresh Mueller-
Hinton broth to achieve the required standardized turbidity of bacterial suspension (Optical
Densities, OD) by measuring using UV-Visible Spectrophotometer at 625 nm, (OD values range
from 0.08 to 0.1). It was equivalently match with the turbidity of 0.5 McFarland barium sulfate
standard corresponding to 1.0x108 colony forming units (cfu/mL) following the guideline of
Clinical and Laboratory Standard Institute (CLSI, 2015). The turbidity of the inoculum tube
was adjusted visually by either adding bacterial colonies or by adding sterile normal saline
solution to that of the already prepared 0.5 McFarland standard. Finally, the inoculum amount

of the bacteria was 5.0x10°.
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4.6 Antibacterial assay of plant extracts

Antibacterial activity of hydromethanolic leaf extracts was determined by agar well diffusion
method (Andleeb et al., 2020; Andualem et al, 2014). Multidrug resistant (MDR) bacterial
colonies in a subculture on blood agar plate media were incubated for 24 hours at 35 + 2°C.
The MDR bacterial colonies were dissolved in a normal saline solution with a turbidity
equivalent to the 0.5 McFarland standard. One hundred pL of each MDR bacterium was
inoculated in Muller Hilton agar (MHA) by spreading the bacterium on the surface of the agar
using a sterilized glass spreader. After thirty minutes of inoculation, the wells were prepared
using a sterilized steel cork borer (1 cm in diameter). The labeled four wells were with 100 pL
of 250 mg/mL, 500 mg/mL, and 1000 mg/mL of the crude extracts and making the final
concentration of 25, 50, and 100 mg/well (Marami et a/., 2021) respectively. All plates were
then incubated aerobically at 35 £ 2°C for 24 hours, then, the zone of inhibition was measured
using a ruler. The experiment was done in three independent tests for each bacterial strains
and the mean of zones of inhibitions was calculated for each extract (Tambekar and Dahikar,
2011). A 4% DMSO was used as a negative control. Ciprofloxacin (5 pg) was applied as a

positive control.

4.7 Minimum Inhibitory Concentration

The minimum inhibitory concentrations (MICs) for all the crude extracts were evaluated
against £. coli and K. pneumoniae ESBL and their reference strains were determined in
triplicate using the 96-wells method in Mueller-Hinton broth according to CLSI (Clinical
Laboratory Standardization Institute) (CLSI, 2013). A 4% DMSO was used to dilute crude plant
extracts. To determine the MICs of each of the extracts, the concentrations prepared for each
of the extracts, ranged between 0.03125 mg/mL and 64 mg/mL, while ciprofloxacin
concentration ranged between 0.0024 and 5 pg/mL. For all the tested extracts and
ciprofloxacin concentrations were prepared by serial dilution in double-strength MHB. A 100
pL of each of the bacterial strains was inoculated to each well. Blank Mueller-Hinton broth was
used as a negative control. The wells were inoculated with the standardized (0.5 McFarland
standard) bacterial inoculum and incubated at 37°C for 24 hours. The MIC was defined as the
lowest concentration that showed no growth in the Mueller Hinton broth. The result of
bacterial inhibition was judged by comparison with growth in positive and negative controls
(Wayne, 2012).
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4.8 Minimum Bactericidal Concentration (MBC)

MBC was determined by a method described in different studies (Rouis et al., 2013). In this
method, the contents of all wells containing a concentration of the crude extracts above the
minimum inhibitory concentration (MIC) value from each triplicate, in the MIC determination
test, was streaked on Mueller Hinton agar with wire loop aseptically cleaned and incubated at
37°C for 24 hours. The lowest concentration of the extract which showed no bacterial growth
after incubation was observed for each triplicate and noted as the MBC. The average value
was taken for the MBC of test material against each bacterium. Further, the ratio of MBC/MIC
of the extracts indicated the exact definition of the antibacterial effect. If the ratio MBC/MIC
was < 4, the effect was considered as bactericidal but if the ratio MBC/MIC was > 4, the effect

was defined as bacteriostatic (Levison, 2004; Benjamin et al., 2012).

4.9 Checkerboard Assay

Checkerboard analysis was used to determine the impact on potency of the combination of the
extract and the antibiotic in comparison to their individual activities. This comparison is then
represented as the Fractional Inhibitory Concentration (FIC) index value. The FIC index value
takes into account the combinations that produce the greatest change from the individual
antibiotic’s MIC. To quantify the interactions between the extracts and the antibiotic being
tested (the FIC index), the following equation is used: FIC index = (MIC of extract in
combination/MIC of extract alone) + (MIC of antibiotics in combination/MIC of antibiotics
alone). In antimicrobial combination, the interaction definition of synergy was as 2 FIC< 0.5,
additivity as 5 < X FICL 1, indifference as 1 < ZFIC< 4, and antagonism as X FIC>
4 (Petersen et al., 2006; Lorian, 2005).

4.10 [In vitro Antioxidant Studies

In these /n vitro antioxidant assays, 1g of each of the extracts was dissolved in 20 mL of 99%
methanol to make a concentration of 50 mg/mL and then diluted to prepare the series
concentrations for antioxidant assays. For comparison in all the assays, reference chemicals

were used.

4.11 DPPH Radical Scavenging Assay

Free radical scavenging ability of the extracts was tested by 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical scavenging assay as described by (Ceylan et al., 2015; Etim et a/., 2015; Ralte
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et al., 2021). The hydrogen atom donating ability of the plant extracts was determined by the
de-colorization of methanol solution of 2,2-diphenyl-1-picrylhydrazyl (DPPH). DPPH produces
violet/purple color in methanol solution and fades to shades of yellow color in the presence of
antioxidants. A solution of 0.004% of DPPH (4 mg/100 mL) in methanol was prepared, and
3 mL of this solution was mixed with 1mL of extract in methanol at different concentrations
(0.02-0.2 mg/mL). The reaction mixture was vortexed thoroughly and left in the dark at room
temperature for 30 min. Ascorbic acid (3 mg/10 mL) was used as reference standard while
methanol solution of DPPH was used as control. The optical density of the mixture was
measured at 517 nm using PerkinElmer (Lambda 950 UV/VIS NIR spectrometer). Percentage

of DPPH radical scavenging activity was calculated by the following equation:

Percentage of DPPH radical scavenging activity = {(A0O— A1)/AQ0} x 100; where Ao is the
absorbance of the control, and A: is the absorbance of the extract. The IC50 value was
determined by using linear regression equation Y = Mx + C; where, Y = 50, M and C values
were derived from the linear graph trendline (for both the standard and samples). The

experiment was repeated three times at each concentration.

4.12 ABTS Radical Scavenging Assay

For ABTS assay, the procedure followed the method of Arnao et a/ (2001) with some
modifications. The stock solutions included 7.4 mM ABTS* solution and 2.6 mM potassium
persulfate solution. The working solution was then prepared by mixing the two stock solutions
in equal quantities and allowing them to react for 24 hours at room temperature in the dark.
The solution was then diluted by mixing 1 mL ABTS™ solution with 60 mL methanol to obtain
an absorbance of 1.1+0.02 units at 734 nm using PerkinElmer (Lambda 950 UV/VIS NIR
spectrometer). Fresh ABTS* solution was prepared for each assay. The extracts (40 pL) were
allowed to react with 2850 uL of the ABTS+ solution for 2 hours in a dark condition. Then,
the optical density was taken at 734 nm using the spectrophotometer. The standard curve
was linear at 300 uM Trolox. Results were expressed in mM Trolox equivalents (TE)/g of the
extract. Additional dilution was needed if the ABTS value measured was over the linear range
of the standard curve. The ABTS scavenging capacity of the extract was compared with that

of trolox standard. All determinations were performed in triplicate (7 = 3).

4.13 Ferric Reducing Antioxidant Power (FRAP) assay

The total antioxidant potential of the crude extracts was determined according to a method

described by Benzie and Strain (1996) as a measure of antioxidant power. The assay was

104



based on the reducing power of a compound (antioxidant). A potential antioxidant reduced
the ferric ion (Fe**) to the ferrous ion (Fe?*); the latter forms a blue complex (Fe®*/
tripyridyltriazine (TPTZ)). The FRAP reagent was consisted of 300 mM acetate buffer (pH 3.6),
10 mM TPTZ in 40 mM HCI, and 20 mM FeCls-6H,0. The FRAP reagent was prepared by mixing
the acetate buffer, TPTZ solution, and FeCl3-6H20 solution in proportion of 10:1:1 (v/v/v).
Briefly, an aliquot of appropriately diluted sample (1 mL) was mixed with 3 mL of freshly
prepared FRAP reagent and mixed thoroughly. The reaction mixture was incubated at 37°C
for 30 min. Optical density of the mixture was measured at 593 nm versus blank using
PerkinElmer (Lambda 950 UV/VIS NIR spectrometer). Ferrous sulphate (0—1000 mM) was
used to plot a calibration curve for quantification, and the results were expressed as mmol

Fe?* per 100 g of the extract. All samples were analyzed in triplicate.

4.14 Determination of Total Phenols

The total phenolic content of the three extracts was determined using the modified Folin—
Ciocalteu method (Apak et al, 2006). A 0.0625 g of gallic acid/standard chemical was
dissolved in 50 mL of methanol. Here, the extracts (50 pL of the 50 mg/mL (stock solution)
of each) were mixed with 5 mL of Folin—Ciocalteu reagent (previously diluted with distilled
water 1:10 v/v) and 4 mL (75 g/L or 7.5%) of sodium carbonate (initially, it was kept in
refrigerator for the last 24 hours). The mixture was vortexed for 15 s and allowed to stand for
30 min at 37°C for colour to develop. The optical density was measured in triplicate at 765

nm using an AJI-CO3 UV-VIS spectrophotometer.

4.15 Determination of Total Flavonoids

Total flavonoids were estimated using the method of Marinova et a/. (2005). In this study, the
standard chemical quercetin reagent (0.0125 g was dissolved in 50 mL of methanol) and run
at a dose of 25-225 pL. One mL of 2% AICIl:6H.0 which was dissolved in 100 mL of volumetric
flask in water and added to each of the extracts and to the standard. Then, it was added to
50 L of R. prinoides and J. shimperiana, and to 150 pL of 7. schimperiand finally allowed to
stand for 60 min at room temperature before the optical density was measured at 415 nm

using an AJI-C03 UV-VIS spectrophotometer.

4.16 Quantitation of Total Proanthocyanidins

The total proanthocyanidin was measured by the Vanillin/HCI method according to Sun et al.
(1998). Briefly, 500 uL (0.5 mL) of 7. schimperi and J. shimperiana, and 100 pL (0.1 mL) of
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R. prinoide from 50 mg/mL stock solution and were added to 3 mL of 4% Vanillin-methanol
solution and hydrochloric acid (1.5 mL). The mixture was left for 15 min at room temperature,
and then, the optical density was read at 500 nm. Total proanthocyanidins content was

calculated from the standard curve for catechin.

4.17 Gas Chromatography-Mass Spectrometry (GC-MS) Analysis

To identify and characterize the bioactive chemicals profile of the hydromethanolic leaf crude
extracts, 1 yL amount of concentration from each of the extracts of 7. schimperi, R. prinoides,
and J. schimperiana extract (of 50 mg/mL stock solution) was injected into a gas
chromatography system (Agilent Technologies 7890B) coupled with an inert mass
spectrometer (Agilent 5977B) with Single Quadrupole. The separation of the crude extract
was achieved using a DB-5ms, capillary column (30 m x 0.25 mm x 0.25 pm) via an inlet
split/splitless mode. Helium was used as the carrier gas with a linear velocity/column flow of
1 mL/min. The injector temperature was set at 250°C and oven temperature was kept 110°C
for 2 min, and then increase by 10°C/min rate to 200°C and then by 5°C /min rate to 280°C
for 9 min. Further, the Mass spectrometer experimental condition was explained as follows:
lonization mode: El; EMV mode: Gain Factor; Gain Factor: 1; Transfer line temperature:
280°C; lon Source temp: 230°C; Quad temp: 150°C; Solvent delay: 3 min; and Acquisition
mode: SCAN. Finally, The NIST 14 mass spectrometry database library was used to identify

the bioactive compounds.

4.18 Ethical consideration

The study was carried out after obtaining ethical clearance from St. Paul’'s Hospital Millennium
Medical College, Institutional Review Board (IRB), Addis Ababa, Ethiopia. Then, to proceed
with the data collection, the study areas were communicated with an official letter together
with the ethical clearance. In all the data, the study was done under the legal framework of

the IRB guidelines.

4.19 Data Analysis

In antioxidant study, data were entered and statistically analyzed using SPSS Version 25 (SPSS
Inc., Chicago, IL, USA) and Microsoft Office Excel 2017 (Microsoft, Redmond, WA, USA). All
measurements were performed in triplicate, and results were expressed as mean =+ standard
deviation (SD). One-way ANOVA was performed to compare mean differences of the

phytochemical contents (Total flavonoids, phenol, and proanthocyanidin contents) among the
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three extracts. If any mean difference exists in the phytochemical contents, List Significant
Difference (LSD) test was used to identify where the differences were. The Pearson correlation
coefficient (r) was used to analyze the association among total flavonoids, phenol, and
proanthocyanidin contents versus the antioxidant activity (DPPH [IC 50%], ABTS [mean] and
FRAP [mean]). In all the statistical tests, p < 0.05 was considered as statistically significant.
The findings of the antibacterial effects of the crude extracts in terms of zone of inhibitions,
MIC and MBC were summarized in the form of means (+ standard deviations). The presence
of phytochemical screening results was classified as highly present (+++), moderately (++),
slightly (+) and absent (=), respectively. Finally, to identify and characterize the bioactive

chemicals profile of the crude extracts, GC-MS analysis was used.
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CHAPTER 5. RESULT
5.1 Qualitative Phytochemical Analysis

The findings of the preliminary phytochemical analysis (in qualitative form) showed the
presence or absence of the secondary metabolites in the three hydromethanolic leave crude
extracts are described in Table 1. Accordingly, the results of the tests on 7. schimperiincluded
a maximum of six types of phytochemical groups, such as alkaloids, coumarins, flavonoids,
phenols, saponins, and terpenoids. The next, the R. prinoides contains phenol, tannin,
flavonoids, coumarins, anthocyanin, alkaloids, and saponins. Finally, the third plant J.
shimperiana extract contained five types of phytochemical groups, such as saponin,

coumarins, flavonoids, phenol, and tannin.

Table 1. Preliminary phytochemical evaluation of the three hydromethanolic crude leaf extracts.

SN. | Phytochemical constituents 7. schimperi R. prinoides J. shimperiana
1 Saponins ++ + +++

2 Steroids - - -

3 Alkaloids ++ ++ -

4 Anthocyanin - + -

5 Coumarins + + ++

6 Flavonoids ++ ++ ++

7 Terpinoids - - -

8 Phenol +++ +++ +++

9 Tannin +++ +++ +++

+: Presence; -: Absence; (+): low; (++): Moderate; (+++): highest.

5.2 Quantitative Phytochemical Analysis

In this study, the quantitative phytochemical analysis of the three hydromethanolic crude leaf
extracts of 7. schimperi, R. prinoides, and J. shimperiana was carried out to determine the
total phenolic content, flavonoids, and proanthocyanidins and the findings have been

presented in Table 2.

The results demonstrated that the total flavonoid content was 90.39+0.35 Quercetin
Equivalence (QE)/100 g of dry R. prinoides material; 82.43+2.53 QE/100 g of dry J
shimperiana material; and 227.96+3.69 QE/100 g of dry 7. schimperi material. Among the
three crude extracts, 7. schimperi had the highest average (£SD) in phytochemical contents
of flavonoids (227.96+3.69), phenolic (274.50+5.29), and proanthocyanidins (1618.06+1.32)
(Table 2). The concentration-response (calibration) curve of the standard chemical quercetin

in the determination of flavonoids contents was plotted in Figure 1A.
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Figure 1A. Linear regression calibration curve of the standard quercetin
for the determination of flavonoids.

As shown in Table 2, the total phenolic contents of the three hydromethanolic of crude extracts
were determined using the standard gallic acid. The standard gallic acid linear regression
calibration curve is presented in Figure 1B. Total phenolic content of the extract was calculated
as gallic acid Equivalent/100 g of the dry plant materials. And, accordingly, the highest
phenolic quantity was detected in 7. schimperi (274.50+5.29) followed by R. prinoides
(229.21+2.82) (Table 2).
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Figure 1B. Linear regression calibration curve of the standard gallic acid
for the determination of the total phenol content.
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Table 2. Quantity (Mean+SD) of phytochemicals of the three hydromethanolic crude extracts.

Sample type Flavonoids (mg Q* E/100 g) | Phenol (mg GAT E/100 g) | Proanthocyanidins (mg C*E/100 g)
T. schimperi 227.96+3.69 274.50+5.29 1618.06+1.32

R. prinoides 90.39+0.35 229.21+2.82 406.24+7.58

J. shimperiana | 82.43+2.53 83.59+2.19 1037.18+4.06

The standard chemicals: Q*: Quercetin; GAT: Gallic acid; and C%: catechin.

Among the three extracts, the highest proanthocyanidin content (catechin equivalence per
100 g of the dry plant material) was found in 7. schimperi (1618.06+1.32) followed by J.
shimperiana (1037.18+4.06) (Table 2). The linear regression curve of the catechin standard

concentration (mg/mL) versus the optical density was shown in Figure 1C.
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FigurelC. Linear regression calibration curve of the standard catechin
for the determination of proanthocyanidins.

5.3 DPPH Radical Scavenging Assay

The result of various concentrations versus the DPPH scavenging activity in terms of
percentage inhibition of the three hydromethanolic extracts with the positive control ascorbic
acid is shown in Table 3. The synthetic antioxidant ascorbic acid was used as a positive control
at the same concentrations of the tested extracts. The percentage inhibition of DPPH
scavenging activities of the three hydromethanolic crude extracts was evaluated at
concentrations of 0.02-0.2 mg/mL. There was an increase in DPPH radical scavenging activity
with increasing concentrations of the extracts. At 0.2 mg/mL concentration, the percentage

inhibition of all the extracts was relatively higher than the rest of the concentration. The
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scavenging effect of the standard drug ascorbic acid was higher than all the extracts. However,
in all the extracts (7. schimperi, R. prinoides and J. shimperiana) tested, 7. schimperiexhibited
a comparable antioxidant activity with that of standard ascorbic acid at varying concentrations
tested (0.02- 0.2 mg/mL) (Table 3).

Table 3. DPPH inhibition (%0) by the three hydromethanolic leave crude extracts.

Tested % Inhibition of DPPH

samples 0.02 0.04 0.08 mg/mL | 0.12 mg/mL | 0.16 mg/mL | 0.2 1C50%
mg/mL mg/mL mg/mL

T. schimperi 27.86 44.28 78.87 88.64 88.64 89.29 4.49

R. prinoides 14.95 37.28 41.87 57.71 75.78 84.03 9.79

J. shimperiana | 5.12 6.01 16.46 17.93 24.55 35.03 30.68

Ascorbic acid | 34.20 47.14 78.34 90.32 94.94 96.78 3.63

(standard)

5.4  Ferric Reducing Antioxidant Power Assay (FRAP assay)

The FRAP assay results of the three hydromethanolic leave crude extracts were expressed as
mmole equivalent of ferrous sulfate and are shown in Figure 2. Similar to DPPH assay, all the
extracts showed an antioxidant activity in FRAP assay. The 7. schimperi extract showed the
highest reducing antioxidant power among the extracts with 2521.60 mmole ferrous sulfate
Eq (mmole Fe?"), followed by R. prinoides (1810.55 mmole Fe?*). The linear regression curve
of the standard compound (ferrous sulfate) used in FRAP assay at different concentrations is

presented in Figure 1D.

2500 +
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500 4

mMol Ferrous Sulfate (Fe?*) E/ 100 g

R.Prinoides  J.shimperiana  T. shimperi

Figure 2. Ferric reducing antioxidant power assay (FRAP assay) of R. prinoides, J. shimperiana and T.
schimperi of hydromethanolic leaf crude extracts. The results are expressed as mmol ferrous sulfate (Fe?*)
equivalence/ 100 g. The bars represent the mean =+ standard deviation (SD) (n = 3).
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Figure 1D. Linear regression calibration curve of the
standard ferrous sulfate in the FRAP assay.

5.5 ABTS Assay

The ABTS radical scavenging activity of the three hydromethanolic leaf extracts with reference
compound, 6-hydroxy-2,5,7,8- tetramethylchroman-2-carboxylic acid (Trolox®) is shown in
Figure 3. The ABTS assay results were expressed as pmole equivalent of trolox®. The ABTS
radical scavenging activity of the extracts was evaluated at 40 pL (n=3; triplicate). Therefore,
the findings revealed that 7. schimperi was the highest antioxidant activity with a mean of
27296.65 umole trolox Eq (umole trolox®), followed by R. prinoides (18857.62 pmole trolox®).
The linear regression curve of the standard compound (Trolox®) in ABTS assay used at

different concentrations is presented in Figure 1E.
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Figure 1E. The linear regression curve of the standard compound
(Trolox®) used in ABTS assay.
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Figure 3. ABTS assay of R. prinoides, J. shimperiana and T. Schimperi of hydromethanolic extracts. Results are
expressed as pmole tro/ox® equivalence/100 g of dried extract. Data was represented as the mean=SD (n = 3).

5.6

Analyses

According to the one-way ANOVA analyses, there was a statistical significance (p < 0.05) in

mean differences of each measurement across the column among the three extracts (Table

4).

Table 4. One-Way Analysis of Variance (ANOVA)

Extracts TFC (EC1) TPC (EC1) TPROC (EC1) | DPPH ABTS FRAP
(1C50%0) (EC1) (EC1)
T. schimperi | 227.96+3.691A 274.50+5.297A | 1618.06+1.329A | 4.49 A 27296.651~ | 2521.607~
R. prinoides | 90.39+0.357A 229.21+2.827~ | 406.24+7.581A | 9.79A 1887.627A | 1810.557*
J. shimperiana | 82.43+2.531A 83.59+2.197A | 1037.18+4.067* | 30.687 178257A 879.287A
ANOVA P<0.05 P<0.05 P<0.05 P<0.05 P<0.05 P<0.05

1 Mean £SD (n=3); measurements in each column having similar letters (A) had statistical difference among the
extracts at p < 0.05 by Least Significant Difference (LSD) test; IC50%: Inhibitory Concentration; EC1: Effective

Concentration.

5.7 Correlation between Antioxidant Assays and Phytochemical Contents

The Pearson correlation coefficients between the antioxidant assays and the Total Flavonoids
Content (TFC), Total Phenol Content (TPC), and Total Proanthocyanidins Content (TPROC)

were analyzed and presented in Table 5. The Total Phenol Contents showed almost a perfect

negative correlation with the antioxidant activity value from DPPH (IC 50%) assay (r=-0.999)

at a level of statistical significance (p=0.023). Further, the lowest IC50% means, the highest

antioxidant activity. Additionally, these analyses revealed that the total flavonoid contents of
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the extracts correlated significantly with ABTS assay (mean of scavenging activity; r=0.999;

p = 0.032). However, the total proanthocyanidins content did not correlate with the

antioxidant activities of the extracts (Table 5).

Table 5. Correlation Matrix Showing Relationship between Antioxidant Indices Versus TFC, TPC and

Correlations

TEC TPC TPROC DPPH ABTS FRAP
(mg Q* E/100 g) | (mg GA'E/100 mg C*E/100
TFC Pearson 1
Correlation
Sig. (2-tailed)
N 3
TPC Pearson 0.718 1 0.204| -0.999" 0.753 0.976
Correlation
Sig. (2-tailed) 0.490 0.869 0.023 0.458 0.138
N 3 3 3
TPROC |Pearson 0.828 0.204 1
Correlation
Sig. (2-tailed) 0.379 0.869
N 3 3 3
DPPH Pearson -0.692 -0.999" -0.168
(1C50%) | Correlation
Sig. (2-tailed) 0.513 0.023 0.893
N 3 3 3 3
ABTS Pearson 0.999" 0.753 0.798| -0.728
(mean) |Correlation
Sig. (2-tailed) 0.032 0.458 0.412 0.481
N 3 3 3 3
FRAP Pearson 0.851 0.976 0.410| -0.968 0.877 1
(Mean) |Correlation
Sig. (2-tailed) 0.352 0.138 0.731 0.162 0.319
N 3 3 3 3 3 3
*Correlation is significant at the 0.05 level (2-tailed); colors show repetitions of correlation.

TPROC of the three extracts.

114



5.8 In Vitro Evaluation of Antibacterial Activity

Except J. shimperiana, the rest of the results of this study showed the hydromethanolic crude
leave extracts and their combination had an antibacterial activity against the patient isolated
multi drug resistant (MDR) E£. coli compared to the negative control. According to the records,
T. Schimperi earned the highest diameter of zone of inhibition (DZI: 20.00+0.00 mm) at 1000
mg/mL concentration compared to all the uncombined tested extracts. However, the extract-
extract combination of 7. Schimperi and R. Prinoides had the same antibacterial activity as
uncombined 7. Schimperi extract at the maximum tested concentration (1000 mg/mL) (Table
6).

Largely, all the tested extracts except J. shimperiana showed a concentration
dependent increase in antibacterial activity in the evaluation against £. coli (ATCC25922). 7.
Schimperi had the highest antibacterial activity at 1000 mg/mL and with this it had (DZI:
18.5+0.55 mm) diameter of the zone of inhibition compared to the other tested extracts.
Following this, the extract-extract combination of 7. Schimperi and R. prinoides had the

second highest antibacterial activity (DZI: 14.5£0.55 mm) (Table 6).

In all the /n vitro antibacterial activity evaluation against the £. coli (both clinical isolate
and reference strain), the antibacterial activities of the extracts were totally lower than
ciprofloxacin, the positive control. However, the antibacterial activity of ciprofloxacin against
the £. coli (ATCC25922) was higher than its activity against to the MDR E£. coli clinical isolate.
This finding showed that the standard £. co/i (ATCC25922) is a different strain and also, the

clinically isolated £. cofihad acquired a multi-drug resistance (Table 5).

In the /n vitro antibacterial activity evaluation of the three extracts and the combination
against the patient isolated MDR K. pneumoniae extended-spectrum B-lactamases (ESBL), T.
schimperihad a concentration-dependent maximum inhibition compared to the tested extracts
at corresponding similar concentrations. However, the antibacterial activity of 7. schimperi
was relatively lower compared to ciprofloxacin (DZI: 17.83+0.41 mm). In the 7. schimperi
and R. prinoides combination, the antibacterial activity was the second with the highest zone
of inhibition (DZI: 11.90+0.10 mm) (Table 6).

Activities against K. pneumoniae (ATCC700603), 7. schimperi showed the highest zone
of inhibition (DZI: 14.83+0.40 mm) compared to the extracts and the combination.
Antibacterial activity of R. prinoides extract had also a concentration-dependent increase
across the concentrations tested and had a higher antibacterial activity than the activity

against the patient isolated MDR K. pneumoniae ESBL (Table 6). In both MDR patient isolated
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K. pneumoniae extended-spectrum B-lactamases (ESBL) and K. pneumoniae (ATCC700603),

the antibacterial activity of J. shimperiana was similar to the negative control (Table 6).

Table 6. The /n vitro antibacterial activity of the hydromethanolic crude leave extracts against the MDR
Clinical Isolate and standard bacteria strain.

Plant extracts (Against B1) E. coli clinical isolate (MDR)

Zone of Inhibition (mm): Mean + SD

250 mg/mL 500 mg/mL 750 mg/mL 1000 mg/mL
(Extract)
T. schimperi 17.17 £ 0.41 19.1 + 0.98 19.70 £ 0.29 20.00 + 0.00
R. prinoides 8.83 £ 0.26 9.5+ 0.55 10.83 £ 0.41 11.00 £ 0.00
J. shimperiana 8.00 + 0.00 8.00 = 0.00 8.00 + 0.00 8.00 = 0.00
T. schimperi and R. prinoides 17.17 £ 0.41 19.17 + 0.98 19.50 + 0.49 20.00 = 0.00
Ciprofloxacin (5uL/mL) 33.00+ 0.00
Negative control 8.00 + 0.00 8.00£0.00 | 8.00+0.00 | 8.00:+0.00
Plant extracts (Against B2) E. coli (ATCC25922)
Zone of Inhibition (mm): Mean + SD
250 mg/mL 500 mg/mL 750 mg/mL 1000 mg/mL
(Extract)
7. schimperi 15.67 = 0.52 17.67 £ 0.52 18.33 + 0.52 18.5 + 0.55
R. prinoides 8.83 £ 0.26 10.5 + 0.55 10.66 + 0.52 11.5 + 0.55
J. shimperiana 8.00 + 0.00 8.00 = 0.00 8.00 + 0.00 8.00 = 0.00
T. schimperi and R. prinoides 10.17 = 0.40 11.65 + 0.35 12.00 = 0.00 14.5 + 0.55
Ciprofloxacin (5pL/mL) 37.00+ 0.00
Negative control 8.00 £ 0.00 8.00 = 0.00 | 8.00 £ 0.00 8.00 = 0.00

Plant extracts (Against B3)

MDR K. Pneumoniae ClI

Zone of Inhibition (mm): Mean + SD

250 mg/mL 500 mg/mL 750 mg/mL 1000 mg/mL
(Extract)
T. schimperi 12.5 + 0.55 13.5 + 0.55 14.00 £ 0.00 14.50 £ 0.55
R. prinoides 8.50 = 0.50 8.75+0.24 9.00 = 0.00 10.00 £ 0.00
J. shimperiana 8.00 = 0.00 8.00 = 0.00 8.00 = 0.00 8.00 = 0.00
T. schimperi and R. prinoides 11.00 = 0.00 11.58 + 0.52 11.82 + 0.12 11.90 + 0.10
Ciprofloxacin (5uL/mL) 17.83 = 0.41
Negative control 8.00 + 0.00 8.00+0.00 | 8.00+0.00 | 8.000.00
Plant extracts (Against Ba) K. Pneumoniae (ATCC700603)
Zone of Inhibition (mm): Mean = SD
250 mg/mL 500 mg/mL 750 mg/mL 1000 mg/mL
(Extract)
T. schimperi 12.5 + 0.55 14.00 £ 0.00 14.00 £ 0.00 14.83 £ 0.40
R. prinoides 9.00 = 0.00 10.00 £ 0.00 10.50 £ 0.55 11.00 £ 0.55
J. shimperiana 8.00 = 0.00 8.00 = 0.00 8.00 = 0.00 8.00 = 0.00
7. schimperi and R. prinoides 10.33 £ 0.52 11.5 + 0.55 11.5 + 0.55 11.5 + 0.55
Ciprofloxacin (5pL/mL) 24.00 = 0.00
Negative control 8.00 £ 0.00 8.00 = 0.00 8.00 £ 0.00 | 8.00 = 0.00

B1: E. coli (Cl) MDR, B2: E. coli (ATCC25922); B3: K. pneumoniae CI; and B4: K. Pneumoniae (ATCC700603).
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5.9 Minimum Inhibitory Concentration (MIC)

The findings of the MIC of the three hydromethanolic leave crude extracts are displayed in
Table 7. In all the extracts, the concentration ranges for MIC determination were evaluated
from 64 mg/mL up to 0.03125 mg/mL. within the tests, the MIC activity of the extracts against
patient isolated MDR E. coli ranges from 4 mg/mL up to 8 mg/mL whereas against standard
E. coli (ATCC25922) ranges 4 mg/mL up to 32 mg/mL. However, the concentration of the
standard drug ciprofloxacin for the MIC tested against all £. coli strains was ranged from 5-
0.0024 pg/mL.

Both 7. schimperialone and its combination with . prinoides had the lowest MIC value
(4 mg/mL) in the test against the clinical isolate MDR E. coli. However, 7. schimperi was the
only extract with the lowest MIC (4 mg/mL) among the extracts evaluated against £. coli
(ATCC25922). The positive control (ciprofloxacin) had the lowest MIC value compared to all
independent extracts and the two extracts combination. In the effect against the patient
isolated MDR E. coli, ciprofloxacin MIC was identified at 0.156 pug/mL but MIC value was lowest
enough in £. coli (ATCC25922) (0.0048 pug/mL). The lowest MIC of 7. schimperiin antibacterial
activity evaluation against patient isolated MDR K. pneumoniae was 8 mg/mL but 4 mg/mL
(MIC) for activity against K. pneumoniae (ATCC700603) (Table 7).

5.10 Minimum Bactericidal Concentration (MBC)

Among the extracts tested for MBC determination, 7. schimperi had the lowest MBC (16
mg/mL) in the evaluation against patient isolated MDR £. coli which were similar to the same
concentration to the MBC against the reference strain £. co/f (ATCC25922). The standard drug
ciprofloxacin had the lowest MBC compared to the extracts. In the test against £. coli
(ATCC25922), the MBC of ciprofloxacin was 0.0006 pg/mL. The lowest MBC of 7. schimperiin
antibacterial activity evaluation against patient isolated MDR K. pneumoniae was 32 mg/mL
but 64 mg/mL (MBC) for activity against K. pneumoniae (ATCC700603) (Table 7). The ratio
of MBC/MIC of the extracts revealed the exact definition of the antibacterial effect.
Accordingly, for both £. coli strains, 7. schimperihad a bactericidal effect. R. prinoides had a
bacteriostatic in effect against patient isolated MDR E£. coli. Whereas 7. schimperi and R.
prinoides combination showed bacteriostatic effect in the test against MDR £. coli clinical
isolate (Table 7). In this study, the ratio of MBC to MIC of 7. schimperi alone and in
combination R. prinoides in the test against K. pneumoniae (ATCC700603) was bacteriostatic.
However, in the test against patient isolated MDR K. pneumoniae ESBL, T. schimperi showed

a bactericidal (Table 7).
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Table 7. The MIC and MBC of the extracts and ciprofloxacin

MDR E. coli (CI)

E. coli (ATCC25922)

Extract and ciprofloxacin MIC MBC MBC/MIC MIC MBC MBC/MIC
7. schimperi 4 16 4 4 16 4
R. prinoides 8 64 8 16 >64 ND
J. shimperiana 8 >64 ND 32 >64 ND

7. schimperi and R. prinoides 4 32 8 16 64 4
Ciprofloxacillin 0.156 pg/ml | 0.156 pg/ml 1 0.0048 pg/mi 0.0006 pg/ml | 0.125

MDR K. pneumoniae Cl (ESBL) K. pneumoniae (ATCC700603)

Extract and ciprofloxacin MIC MBC MBC/MIC MIC MBC MBC/MIC
7. schimperi 8 32 4 4 64 16
R. prinoides 16 > 64 ND 16 > 64 ND
J. shimperiana 16 > 64 ND 16 > 64 ND

7. schimperi and R. prinoides 8 > 64 ND 8 64 8
Ciprofloxacin (ug/mL) 0.156 0.3125 2 0.156 0.156 1

ND: Not determined.

5. 11 Checkerboard Assay

To quantify the interactions, the Fractional Inhibitory Concentration (FIC) index of the

checkerboard analysis in this study showed that the interaction of the combinations between

T. schimperi extract and ciprofloxacin (positive control) was categorized as indifference in the

activity against the three bacterial strains except for MDR E. coli clinical isolate (additive).

Similarly, according to the FIC index value the R. prinoides and ciprofloxacin combinations

showed an indifference interaction in the test against all the three bacterial strains except for

E. coli (ATCC25922) (antagonist) (Table 8).

Table 8. Results of the Checkerboard analysis for the interactions between extracts and ciprofloxacin
combination in the activities against the four bacteria strains.

Types of Bacterial Isolates
Item MDR E. coli | E. coliATCC MDR K. pneumoniae CI K. pneumoniaée
c/ (ESBL) ATCC
TSa 2 2 8 8
TSc 1 2 16 8
CPRa 0.156 0.0192 1.248 0.312
CPRc 0.078 0.0096 0.312 0.624
FICts 0.5 1 2 1
FICcrr 0.5 0.5 0.25 2
FIC indext 1 1.5 2.25 3
Category Additive Indifference Indifference Indifference
RPa 8 16 16 16
RP¢ 8 32 16 32
CPRa2 0.156 0.0096 0.624 0.312
CPRc2 0.156 0.312 0.312 0.312
FICrp 1 2 1 2
FICcpr2 1 32.5 0.5 1
FIC index2 2 34.5 1.5 3
Interaction category Indifference Antagonist Indifference Indifference

TSa: Thymus schimperi alone; TSc: Thymus schimperi combination; CPRa: Ciprofloxacin alone; CPRc: Ciprofloxacin combination;
FICts: Fractional Inhibitory Concentration of 7hymus schimperi; FICcer: Fractional Inhibitory
Concentration index of Ciprofloxacin; FICindex1: Fractional Inhibitory Concentration index of 7hymus schimperi combined with
ciprofloxacin; RP: Rhamnus prinoides.
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5. 12 GC-MS Analyses

As shown in Table 9, the results obtained from GC-MS analyses of the hydromethanolic extract

of 7. schimperi clearly revealed the identification and presence of 14 bioactive compounds.

The identified and matched compounds were represented with the name of the compound,

molecular formula, molecular weight, retention time, percentage composition of the area,

nature of the compounds, and chemical structure.

During the analyses, the first compound identified (peak 1) was observed at retention

time (4.666 minutes) and the last compound (peak 14) was identified at longest retention

time of (19.835 min). Among the compounds eluted, the major compounds identified in this

7. schimperi crude extract were hexanedioic acid, bis (2-ethylhexyl) ester (RT: 19.835;
73.88%); thymol (RT: 5.799; 11.68%); O-Cymen-5-ol (RT: 5.931; 7.95%); and p-tert-
Butylcatechol (RT: 7.853; 2.19%) respectively along with the other minor constituents. In the

GC-MS analyses, chromatogram shows the peak area separation of the components. The mass

spectrums of the three major bioactive compounds in 7. schimperi crude extract confirmed

are presented in Figure 4A-4C. The GC-MS chromatogram of hydromethanolic crude extract

of 7. schimperiis presented in Figure 6.

Table 9. The Bioactive Compounds ldentified through GC-MS Analyses from the Hydromethanolic 7.
schimperi crude extract

Peak | Name of the Compound (CPD) Formula | MW RT Nature (CPD) %Area
H
1 a-Terpineol C10H180 154.25 4.67 Menthane 0.208649
monoterpenoids
2 Thymogquinone CioH1202 | 164.201 5.31 Monoterpene 0.152454
3 Thymol Ci0H140 150.22 5.80 Monoterpenoid phenol 11.67551
4 0-Cymen-5-ol C10H140 150.221 | 5.93 Phenolic compound 7.944895
5 Rosefuran C10H140 150.22 6.29 Aromatic 0.313204
6 p-tert-Butylcatechol Ci0H1402 | 166.217 | 7.85 Catechol derivative | 2.194801
organic cpd
7 p-Cymene-2,5-diol CioH1402 | 166.2170 | 9.60 Essential oil 0.192658
8 4H-1,3,2-Dioxaborin,  6-ethenyl-2- | C12H1BO | 208.11 1041 | - 0.167239
ethyl-4-methyl-4-(2-methylpropyl)- 2
9 Phthalic acid, 2-cyclohexylethyl butyl | CooH2s04 | 332.4 11.71 | Ester 0.14886
ester
10 Hexadecanoic acid, methyl ester Ci7H340, | 270.4507 | 13.39 | Ester 0.545681
11 E-10-Methyl-11-tetradecen-1-ol C1gH3402 | 268.24 15.65 | Fatty alcohol esters 0.254021
propionate
12 Linolenic acid, methyl ester CigH3202 | 292.5 15.73 | Esterified form of linoleic | 1.434284
acid
13 Phytol, acetate CooHa20, | 338.5677 | 15.87 | Diterpenoid 0.883479
14 Hexanedioic acid, bis(2-ethylhexyl) | C22H4204 | 370.5665 | 19.84 | Diester of 2-ethylhexanol | 73.88426
ester and adipic acid

MWT: Molecular Weight; RT: Retention Time.
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Figure 5. Chemical Structure of the Bioactive Compounds Identified through GC-MS Analyses from the
Hydromethanolic 7. schimperi crude extract
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Figure 6. The GC-MS chromatogram of hydromethanolic crude extract of 7. schimperi.

In the GC-MS analyses of the hydromethanolic crude extract of R. prinoides, six compounds
were identified. In these analyses, the three abundant bioactive compounds identified among
the eluted components were the following: hexanedioic acid, bis (2-ethylhexyl) ester (RT:
19.755; 79.36%); beta-D-Glucopyranoside, methyl (RT: 9.719; 10.03%); and
Desulphosinigrin  (RT: 11.132; 8.28%) (Table 10). The GC-MS chromatogram of

hydromethanolic crude extract of R. prinoides is presented in Figure 8.
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Figure 7. Chemical Structure of the Bioactive Compounds Identified through GC-MS Analyses from the
Hydromethanolic R. prinoides crude extract.

Table 10. The Bioactive Compounds Identified through GC-MS Analysis from the Hydromethanolic
Crude R. prinoides Extract.

Peak # Name of the Compound (CPD) Formula MW RT % Area | Nature (CPD)
1 Undecanoic acid CuH2202 | 186 29 8.008 1.42 Fatty acid
2 beta-D-Glucopyranoside, methyl C7H1406 194.1825 9.719 10.03 O-glycosyl
3 Desulphosinigrin C10H17NO6S | 579 31 11.132 8.28 | Ccarbohydrate
4 8-Thionodecalactone C10H180S | 185314 | 15-859 0.51 Lactone
5 Phenol, 3-phenoxy- C12H1002 | 18621 19.172 0.41 Phenol
Diester of 2-
6 Hexanedioic acid, bis(2-ethylhexyl) ester | C22Ha204 | 370 ¢ 19.755 79.36 ethylhexanol
and adipic acid
MWT: Molecular Weight; RT: Retention Time.
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Figure 8. The GC-MS chromatogram of hydromethanolic crude extract of R. prinoides.

In this study, the GC-MS analyses of the hydromethanolic crude extract of J. schimperiana
confirmed the presence of five bioactive compounds. The predominant compound was
hexanedioic acid, mono (2-ethylhexyl) ester (RT: 19.841; 59.6% peak area). The second
abundantly occurring bioactive compound was debrisoquine (RT: 13.364; 12.18%) followed
by methyl 8, 11, 14-heptadecatrienoate (RT: 15.727; 10.79%) (Table 11). The GC-MS

chromatogram of hydromethanolic crude extract of J. schimperiana is presented in Figure 10.

123



Table 11. The Bioactive Compounds Identified through GC-MS Analysis from Hydromethanolic Crude
J. schimperiana Extract.

Peak %
“ Name of compounds Formula MWT | RT Area Nature (Cpd)
1 4-Hydroxy-9-vinyladamantane-2.6- | o ., o, 206.24 | 12.288 | 6.80 ;
dione
Member of
2 Debrisoquine CioH1aNs 175.23 | 13.364 | 12,18 | 'sequinolines
and a
carboxamidine
1-Methyl-4-[4,5-
3 . I . C12H12BrNO 282.13 | 14.239 | 10.62 -
dihydroxyphenyl]pyridinium bromide 12M12BI02
4 Methyl 8,11,14-heptadecatrienoate Ci8H3002 278.43 | 15.727 | 10.79 -
5 Hexanedioic acid, mono(2- C14H2604 258.35 | 19.841 | 59.60 ;

ethylhexyl)ester
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Figure 9. Chemical structure of the Bioactive Compounds Identified through GC-MS Analysis from
Hydromethanolic Crude J. shimperiana Extract.
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Figure 10. The GC-MS chromatogram of hydromethanolic crude extract of J. schimperiana.
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CHAPTER 5. DISCUSSION

In recent years, the traditional remedies exhibit peaking popularity due to their possible
commercial application for medicinal or healthcare purposes (Strzepek-Gomotka et al., 2021).
Generally, in the evaluation of /n vitro antioxidant activities of the three hydromethanolic leave
crude extracts using the three standard assays (DPPH, ABTS and FRAP Assays), 7. schimperi
has clearly shown the highest antioxidant activities among the extracts followed by A.
prinoides and J. shimperiana, respectively. In the current study, all the tested plant extracts
showed DPPH free radical scavenging activity. The greatest radical scavenging activity was
shown by 7. schimperi (IC50 = 4.49) and R. prinoides extract (IC50 = 9.79). The closer the
IC50 value of the plant extract to that of the IC50 (IC50 = 3.63) of ascorbic acid, the greater
the inhibitory effectiveness (Chand et al, 2018). Therefore, 7. schimperi extract was more
effective in scavenging free radicals than R. prinoides and J. shimperiana. A lower I1C50 value
indicates a higher antioxidant activity (Li et al., 2009; Boulfia et al., 2021). This study also
revealed that all the three hydromethanolic crude extracts showed a concentration-dependent
increase in the DPPH scavenging activity. This result agreed with a report of Motalleb et a/,
(2005) which showed the scavenging effects on the DPPH radical increased sharply with

increasing concentration of the samples.

The phytochemical analyses of this study indicated that the Total Phenol Content (TPC)
among the three extracts was highest in 7. schimperi followed by R. prinoides and J.
shimperiana. In the Pearson coefficient analyses, the TPC showed a nearly perfect negative
correlation with the antioxidant activity value from DPPH (I1C 50%) assay (r=-0.999) at a level
of statistical significance (p=0.023). This finding was supported by earlier reports (Heim et
al., 2002; Soongand and Barlow, 2004; Balasundram et a/., 2006; Loizzo et al., 2012) and
stated that phenolic compounds are major antioxidant constituents in selected medicinal
plants and there are direct relationships between their antioxidant activity and total phenolic
content with a relative difference in their antioxidant potencies. Furthermore, Narangerel et
al., (2021) mentioned that a strong antioxidant activity is associated with a high amount of
total phenolic content. According to Mediani et al., (2012), phenolic compounds of herbs have
the ability to scavenge free radicals, and factors such as genetic and environmental conditions
(growth season and plant maturity) can cause variations in their values. Moreover, there are
numerous reports supporting that antioxidant potential of plants is due to their phenolic
compounds (Chinnici et al., 2004; Burcul et al., 2018). In general, plants are a diverse source
of phenolic compounds with antioxidant, anti-bacterial, antiviral, and anti-cancer potentials
(Manach et al., 2004).
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Additionally, the Pearson coefficient analyses of this study showed that the total
flavonoid contents of the extracts had significant correlation with ABTS assay (mean of
scavenging activity; r = 0.999; p= 0.032). This study finding is in agreement with a previous
study report (Zhang et al., 2016). Further, the role of high levels of flavonoid contents in most
of the antioxidant activity studies of plant materials as reported by (Du Toit et a/, 2018;
Milevskaya et al., 2018; Calado et a/., 2015; Abdel-Hameed et a/., 2014; Montoro et al., 2005)
were implicated to their ability to scavenge reactive oxygen species (ROS) consisting of free
radicals. Other effects of flavonoid include anticancer (Milevskaya et a/., 2018), antimicrobial,

and anti-inflammatory properties (Shahidi and Ambigaipalan, 2015).

Unlike the earlier study report by Li et al. (2021), total proanthocyanidin contents of
this study did not show correlation with the antioxidant activity (in DPPH, ABTS, and FRAP
assays). However, proanthocyanidins, a subclass of the most complex flavonoids, are the non-
polar condensed tannins and polymer of flavan-3-ols and constitute an important group of
polyphenols because of their bioactivities such as anti-inflammatory, antioxidant and

anticancer activities (Jose et al., 2012; Zhou and Raffoul, 2012).

The antioxidant metabolites were held responsible for the reduction of ferric (Fe**) to
form it as ferrous (Fe?*) ion, this addition of FeCl; to form it as ferrous tripyridyltriazine by
blue colored complex formation and can be determined by measuring of reduction of the
colored complex at 593 nm (Rice-Evans et al., 1997). In the present study, the Pearson
correlation analysis revealed that the FRAP scavenging activities of the extracts was not
correlated with any of the determined phytochemical contents. However, a previous study
report concluded that redox properties can be present in phenolic compounds and by them
specific activity such as reducing agents, hydrogen donators and singlet oxygen quenchers
(Labiad et al., 2017).

In Ethiopia, the medicinal plants exhibited by local healers for the community health
have promising antibacterial activities on multidrug-resistant bacteria. This is due to
biodiversity coupled with the chemical diversity found within each species (Yitbarek et a/.,
2010; Sasidharan et al.,, 2011; Chuah et al., 2014). The result of this study directs that,
methanol crude extracts showed on antibacterial activities. The same result with Kinsalin et
al. (2014) states that methanol extract possesses potent antimicrobial activity which in turn
may be due to the presence of biologically active ingredients with antimicrobial activity in the
medicinal plants. Among the reported mechanisms, the antimicrobial activity of flavonoids is

due to their ability to bind with bacterial cell wall and to interact with extracellular and soluble
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protein while that of tannins may be related to their ability to inhibit the microbial adhesions,

cell envelop proteins and enzymes (Sharma et al., 2010; Mogana et al., 2020).

In this evaluation study of the hydromethanolic crude extracts, the findings clearly
showed that, 7. schimperi had the highest antibacterial activities against the patient isolated
MDR uropathogenic bacteria (£. coli and K. pneumoniae ESBL) compared to the combined
and uncombined extracts. This finding is similar to a previously reported study on 7. schimperi
o/l that caused a moderate antibacterial activity on these specific organisms (Cutillas et al.,
2018).

The extract-extract combination of 7. schimperi and R. prinoides had a similar
antibacterial activity in the test against patient isolated MDR E. coli with uncombined 7.
schimperi. However, the antibacterial activity evaluation revealed that the effect against the
rest of these three organisms was lower than uncombined 7. schimperi extract. This result
clearly indicates that the combined extracts of 7. schimperi and R. prinoides did not show
synergistic activities. This study is different from Gadisa et al. (2019) report whose study on
T. schimperi and Blepharis cuspidata combinations showed a synergistic activity. This could
be due to the difference in the type of the combined plant material with 7. schimpers, or a

difference in the extraction method or other undisclosed factors.

Comparatively, the MIC of the 7. schimperi extract had the lowest MIC than the other
independent extracts during the antibacterial activity test, except with the MIC (equivalent)
of its combination with R. prinoides, in the test against the clinical isolated MDR £. coliand K.
pneumoniae EBSL. This result further confirmed that 7. schimperihad the highest antibacterial
activities for the entire patient isolated MDR bacteria and reference strains compared to the
tested extracts. This current study finding is in line with Ibrahim and Kebede (2020) which
stated that the lower MIC indicates that the plant extracts were stronger of activities of killing
or inhibiting the test pathogens and vice versa. Additionally, this study clearly indicated that
the ratio of MBC to MIC of the 7. schimperi, except in the test against K. pneumoniae (ATCC
700603), showed a bactericidal activity.

According to the checkerboard analyses of the present study, the interaction of the
combinations between the 7. schimperi and ciprofloxacin was additive. This is interpreted as
an overall antibacterial activity of the extract and positive control combination equals the sum
of the individuals’ effect. Thirdly, following the extract-extract combinations’ activity, the ~.

prinoides extract showed an antibacterial activity against the patient-isolated, MDR £. cofiand
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K. pneumoniae ESBL and their reference strains in a concentration-dependent manner, with

a slight increased effect in both reference strains.

Potentially, the gas-chromatography coupled with mass spectrometry (GC-MS) could
provide more precise information in qualitative analysis of different samples including plant
extracts (Cong et al, 2007). According to this work, the GC-MS analysis of the
hydromethanolic crude leaves extract of 7. schimperi showed the presence of fourteen (14)
compounds. These identified compounds possess many biological properties. For instance,
with interest of this study evaluation, the most abundant compound was hexanedioic acid, bis
(2-ethylhexyl) ester (RT: 19.835; 73.88%) which was reported to have an antioxidant and
antimicrobial activities (Tayade et al., 2013). Thus, hexanedioic acid, bis (2-ethylhexyl) ester
among the eluted compounds might be contributing to the highest activity of the crude extract

of 7. schimperiin the evaluation of in vitro antioxidant and antibacterial activities.

Additionally, the second highest compound identified from GC-MS analysis of the
hydromethanolic crude extract of 7. schimperiwas thymol. In the evaluation against multidrug
resistant £. coli and K. pneumoniae, the antibacterial activity of 7. schimperi might be
associated with thymol effect. Previously reported multiple studies confirmed so far that
thymol exhibited an antibacterial activity when testing against Gram-negative strains
(Trombetta et al., 2005; Zarrini et al., 2010; Khoury et al., 2016; Marchese et al., 2016; Rla
et al., 2019; Kachur and Suntres, 2020).

Multiple study reports demonstrated that thymol alone, or as a phytochemical
constituent in plant extracts along with other metabolites, exhibits potent antibacterial,
antimicrobial, antifungal, and antiparasitic properties (Marchese et al., 2016; Nagoor Meeran
et al., 2017). In this study, the hydromethanolic crude extract of 7. schimperi showed
antioxidant activities. These antioxidant activities might be associated with thymol. As
reported before by Nagoor Meeran et al. (2015, 2016), thymol was shown to exhibit potent
superoxide anion, hydroxyl and DPPH radical scavenging and reducing capacity in a
concentration-dependent manner. Further, in the GC-MS analyes of the crude 7. schimper;,
the third abundant compound found was o-cymen-5-ol. Also, the antibacterial activities of the
T. schimperi possibly could be related to the presence of o-cymen-5-ol. Similar to this study,
earlier studies (Pizzey et al., 2011; Lesielle Adaptive Skincare, 2022) reported that o-cymen-

5-ol has an antibacterial activity.

Similar to the finding of the GC-MS analyses of 7. schimperi extract, the major

constituent of the hydromethanolic crude extract of 7. prinoides was hexanedioic acid, bis (2-
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ethylhexyl) ester. As previously mentioned, this compound has reported to have antioxidant
and antibacterial activities (Tayade et a/., 2013; Ferdosi et al., 2021). Further, the GC-MS
analyses of the hydromethanolic crude extract of 7. prinoides identified the second abundant
bioactive compound known as 3-D-Glucopyranoside, methyl among the total eluted. According
to the existing literature body of evidence, B-D-Glucopyranoside, methyl was reported to have
antibiotic, antibacterial, and antimycotics activities (Shaheed et a/., 2018; National Center for
Biotechnology Information, 2022). Additionally, a smaller number of reports described that
the B-D-Glucopyranoside, methyl, which is a chemical component found in phenols and
flavonoids, could potentialy have an antimicrobial, antibacterial effect, as well as it is used in
the medication of different diseases (Salem, 2005; Panghal et a/, 2011). Therefore, the
antibacterial effects of the R. prinoides in this study might be mediated from the biological

activities of these identified compounds in adequate amount in this GC-MS analyses.

In a PubChem Compound Summary (NCBI b, 2022), debrisoquine which is also the
second highest compound identified from GC-MS analyses of hydromethanolic crude extract
of J shimperiana has a role as an antihypertensive agent, an adrenergic agent, a
sympatholytic agent, and a human metabolite. Multiple reports (NCBI b, 2022) indicated that
debrisoquine is involved in the development of different diseases and disorders. Also,
DRUGBANK online stated that debrisoquine is indicated for the treatment of moderate and
severe hypertension, either alone or as an adjunct, and for the treatment of renal hypertension

involved in many drug-drug interactions (DRUGBANK, 2022).

CHAPTER 6. CONCLUSION

The findings have shown that among all the tested hydromethanolic extracts, 7hAymus
schimperi exhibited the highest antioxidant activity in all the assays. Thymus schimperi had
the highest in total phenol, flavonoid and proanthocyanidin contents compared to the other
two extracts. Statistically, the total phenol, and flavonoids of the extracts were correlated with
DPPH (IC 50%) and ABTS scavenging activities. Comparatively, due to the highest antioxidant
activities and higher phytochemicals content, 7. schimperi had a better /in vitro antibacterial
activity against uropathogenic MDR £. coli and K. pneumoniae ESBL isolates. These
hydromethanolic extracts were subjected to GC-MS analysis. Accordingly, 14 compounds were
identified in 7. schimperi, 6 compounds from R. prinoides extract and 5 compounds from J.
shimperiana. Literature survey showed that the three compounds with highest percent from
7. schimperi were hexanedioic acid, bis(2-ethylhexyl) ester (RT: 19.835; 73.88%); thymol
(RT: 5.799; 11.68%); and o-Cymen-5-ol (RT: 5.931; 7.95%) possess antibacterial activities.
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And, in R. prinoides extract, hexanedioic acid, bis (2-ethylhexyl) ester (RT: 19.755; 79.36%);
B-D-Glucopyranoside, methyl (RT: 9.719; 10.03%); and desulphosinigrin (RT: 11.132; 8.28%)

had antioxidant and/or antibacterial activities.

CHAPTER 7. RECOMMENDATION

This study should be expanded using /7 vivo assays against the targeted MDR uropathogenic
induced infections. Similar to the current study and based on the multiple study reports, the
identified bioactive compounds which are found in the hydromethanolic crude plant extracts
with antibacterial activity against MDR uropathogenic bacteria should be tested in separate
compound or in combination with each other or combined with other known compounds with

antibacterial activity using both /n vitro and /n vivo models for antibacterial evaluation.
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FINAL DISCUSSION

This PhD thesis deeply studied the Self-medication Practice (SMP) among adult Ethiopian
inhabitants in Addis Ababa community through visiting their residence to evaluate their overall
SMP and interviewing them during their visit to a hospital/diagnostic centers/ as patients
suspected of UTls in Addis Ababa, in which SMP can endanger the inhabitants to several
inherent risks. This kind of tendency could be obviously real within adult patients who are
more likely to be vulnerable to inappropriate drug-pressure related clinical complications (Mok
et al., 2021). In developing countries, like Ethiopia, in which universal health care accessibility
is not yet achieved, the practice of self-medication is of concern (Dutta ef a/, 2017). To
address this concern, particularly, a study was performed in Harar City (Eastern Ethiopia) in
2018 showing that about ten percent of participants had experienced adverse effects

associated with SMP (Mamo et al., 2018).

In the selected households, this study showed that 75.5% of the participants had
taken medication without a prescription. Comparatively, this study result was higher than most
of the studies conducted on SMP such as in Dharwad (India) (46%) (Arpitha and Patil, 2022),
Chittagong city (Bangladesh) (41%) (Hossain et al., 2018), Brazil (18.3%) (Pons et al., 2017),
Srilanka (12.2%) (Wijesinghe et al., 2012), Portugal (26.2%) (Martins et al, 2002), Saudi
Arabia (35.4%) (Alghanim, 2011), and Iran (35.4%) (Jalilian et a/., 2013). However, this study
result is lower than that of India (87.4%) (Garud et a/., 2012), North Maharashtra (92.1%)
(Durgawale et al., 2014), Vietnam (83.3%) (Van Ha et a/., 2019). Particularly, at present, the
overall prevalence of ASMP among the patients suspected of UTIs was found to be 10.4%. In
comparison, in a systematic review authored by Do et a/. (2021) and conducted in six low-
income and middle-income countries, ASMP was found higher than this current study in
Vietnam (55.2%), Bangladesh (45.7%), and Ghana (36.1%). But, the current study is similar
to a finding in Mozambique (8%) but higher than ASMP from South Africa (1-2%), and
Thailand (3-9%). Across different studies, the prevalence of SMP reported is with a wide range
of differences. This variation could be due to differences in methodology adopted, the study
population selected, or the operational definition of SMP. The extent of practices is influenced
by social-economic characteristics, knowledge about specific diseases, and cultural variations

could be associated with the difference among these results (Kumar et al., 2015).

The most self-medicated drug in the community residents was paracetamol. This study
finding is supported by studies performed in Serbia (Lukovic et al., 2014), Brazil (Gadelha et
al., 2016), Pakistan (Aziz et al., 2018) and coastal South India (Kumar et al., 2018) which

reported analgesics and antipyretics as the most self-prescribed medications. Those residents
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in the selected households of this study and having a poor knowledge towards drugs were
significantly associated with SMP. This finding is in line with a previous report in Indonesia
(Kurniawan et al., 2017) which revealed that poor knowledge had higher chances of practicing
self-medication. In contrast, those with a good knowledge toward drugs have a chance of
SMP (Khalid et al., 2021; Zawahir et al., 2021; Simegn and Moges, 2022).

In the present work, about 82.2% of patients diagnosed with UTIs had MDR bacterial
infections. Within this MDR data, 8.5% of them had ASMP. Similarly, according to previous
reports (Rather et al, 2017; Piddock et al., 2016), the most influential factors for antibiotic
resistance crisis are inappropriate antibiotics use, over dosage and ASMP. This finding of the
present study imposes an urgency of careful monitoring and regulation of the drug
consumption, drug delivery, drug dispensing in developing countries to prevent SM (Saha et
al., 2017).

In this study, MDR UTIs were common among the suspected patients including those
with history of ASMP. In a harmonized report to this finding by Bhargava et a/. (2022), it was
reported that the prevalence of MDR pathogens in the community is higher. This finding
implies that there are bacteria strains circulating in the community with a potential of causing
severe and MDR infections. As a consequence, in the health care services, there is a decrease
in antibiotic treatment options. This statement is also supported by Jernigan et a/. (2020) and
Bader et al. (2017) which stated that MDR bacteria are also causing healthcare-associated
and community-acquired infections such as UTIs which cause a treatment failure. Therefore,
for a proper management of UTI in a particular region, it is necessary an extensive
investigation and implementation of antibiotic policy based on antimicrobial susceptibility

tests.

The most common causes of MDR UTIs among the suspected patients of this study
were E. coli, K. pneumoniae ESBL and Providencia species, respectively. This most common
prevalent bacteria finding is supported by multiple studies performed previously (Ahmed et
al., 2019; Patel et al., 2019; Mukherjee et al., 2020). There are different types of bacteria in
the gastrointestinal tract. In drug exposure, the development of bacterial resistance is easier
in the digestive microbiota due to a large number of bacteria (greater than 10° bacteria per
gram of stool), promoting contact and the emergence of resistant mutants. Additionally, UTIs
are most often of ascending origin by contamination from the perineal flora, reflecting the
digestive flora. Therefore, this selective pressure due to ASMP of the same antibiotic has a

definite clinical impact (Mouanga et al., 2021).
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According to the patient self-reports, the most frequently self-medicated antibiotic in
this study was amoxicillin. This finding is in agreement with several study reports (Widayati
et al., 2011; Shah et al., 2014; Gelayee, 2017; Nufiez et al., 2017; Horumpende et al., 2018;
Ateshim et al,, 2019; Torres et al., 2020; Chuwa et a/., 2021; Muhammed et a/., 2021; Mabilika
et al.,, 2022; Simegn and Moges, 2022). Similarly, penicillins, which are a class of antibiotics
including amoxicillin, were reported to be the antibiotics most commonly used in SM
(Alhomoud et &/, 2017). Usually, amoxicillin is used as a first-line antibiotic for different
diseases such as UTlIs, acute otitis media, and pneumonia (Alhomoud et a/., 2017). This could
be due to the safety profile of amoxicillin, offering a wide usage in a variety of population and
age groups, and the accessibility of amoxicillin (Muhammed et a/., 2021). However, other
studies mentioned that ciprofloxacin (Aslam et al., 2022) and cephalosporin (Goossens et al.,

2005) are the common antibiotics in SM.

Results of this study showed that both the patients and household residents, having low
monthly income, were more likely to practice the antibiotic and/or the overall SM, respectively.
This current study result is in agreement with studies conducted in Ethiopia (Jember et al.,
2019) and China (Lie et al., 2018), in which both studies revealed that SM is associated with
lower income. However, the present finding contradicts the finding reported by Abdelwahed
(2022).

At present, 50-year-old and above patients were more likely to practice SM. In general,
this study result is similar to multiple studies previously reported (Klemenc-Ketis and Mitrovic,
2017; Bogale et al., 2019; Amaha et al., 2019) which stated that there is a significant positive
association between old age and SMP across countries. In the current study, patients with no
history of UTIs were more likely to practice ASM. This report is opposite to the finding by
(Klemenc-Keti§ and Kersnik, 2011) which stated that older individuals are prone to self-
medication if they have chronic diseases. Among the patients with ASMP, the most common
disease treated in this study was UTIs. This finding is different from reports by Alhomoud et
al. (2017) and by Elmahi et al. (2022), respectively, which mentioned ASM as mainly used for
upper respiratory tract problems. The primary reason for antibiotic self-medication amongst
this patient group was previous experience and/or simple familiarity with the drug name. A
similar study by Ateshim et a/. (2019) also mentioned that the main reason for self-medication

with antibiotics was previous successful experience.

In this study, the hydromethanolic extracts of the three plant extracts have shown
antioxidant activities. And the highest DPPH free radical scavenging activity was seen in 7.

schimperi (1IC50 = 4.49) followed by R. prinoides extract (IC50 = 9.79). Several study reports
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(Li et al., 2009; Jadid et al., 2017; Boulfia et al., 2021) explained that the lower IC50 value of
a sample indicates the higher antioxidant activity. Accordingly, the observed IC50 value
showed that 7. schimperi exhibited the highest antioxidant activity. Though 7. schimperi
extract showed the highest IC50 value, it was closer to that of the 1C50 of ascorbic acid (IC50
= 3.63), the greater the inhibitory effectiveness (Chand et al, 2018). In the DPPH assay of
this study, the percent inhibition of DPPH free radicals was observed in a concentration
dependent manner by all extracts. This finding is in accordance with the reports by Motalleb
et al. (2005) ans Jadid et a/. (2017).

The quantitative phytochemical analyses performed in the three hydromethanolic
extracts of this study showed that the Total Phenol Content (TPC), Total Flavonoids Content
(TFC), and Total Proanthocyanidin Content (TPROC) were found in highest concentration in
T. schimperi extract compared to the other extracts. In the Pearson coefficient analyses, TPC
showed a significant negative correlation with DPPH (r = -0.999, £ = 0.023), which showed
that TPCs of the extracts had both hydrogen and electron-donating abilities of antioxidant
capacity. In earlier studies, reports indicated that there is a direct correlation between
antioxidant activity and TPC found in extracts, as phenolic compounds have an antioxidant

activity (Deetae et al, 2012; Rahman et a/., 2015; Jin et al., 2016; Aryal et al., 2019).

Also, the Pearson coefficient analyses of this study showed that there was a highest
positive correlation between total flavonoid content (TFC) and ABTS radical scavenging
activity. This study result is in line with previously reported studies (Fidrianny et al/., 2013;
Kainama et al., 2020). These results suggest that this study extracts can be used as a natural
source of antioxidants. Multiple earlier reports (Floyd et a/., 1983; Michiels, 2004; Montoro et
al., 2005; Abdel-Hameed et al., 2014; Calado et al., 2015; Zhang et al., 2016; Du Toit et al.,
2018; Milevskaya et al., 2018) stated that flavonoids, which are plant secondary metabolites,

demonstrated to scavenge oxygen species (ROS) consisting of free (OH) radicals.

Zhang et al. (2022) reported that phenolic compounds are the most abundant
secondary metabolites in plants, showing a wide range of distinct biological activities, and
have received an increasing attention in recent years. Currently, evidence suggests phenolic
compounds of plants were reported to have antioxidant activity (Martins et a/, 2016),
antimicrobial (Karunakaran et al., 2018) and prevention of diseases associated with oxidative
stress (Yasir et al., 2016). The antimicrobial activity of flavonoids is due to their ability to bind
with bacterial cell wall and to interact with extracellular and soluble protein while that of
tannins may be related to their ability to inhibit the microbial adhesions, cell envelope proteins

and enzymes (Sharma et al, 2010; Mogana et al, 2020). With all these phytochemical
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constituents, the Ethiopian medicinal plants tested were shown the antibacterial activities
against the clinical isolate MDR E. coli and K. pneumoniae ESBL and further the standard

strains.

In this evaluation study of the hydromethanolic crude extracts, 7. schimperi had the
highest antibacterial activity against the clinical isolates MDR £. coli and K. pneumoniae ESBL
compared to the other extracts. Previously, Nasir et al. (2015) and Cutillas et a/. (2018) were
reported, similar to the current finding, 7. schimperi oil showed a moderate antibacterial
activity on these specific organisms. The finding of this study is similar to several earlier study
reports by Yitbarek et al. (2010), Sasidharan et a/. (2011) and Chuah et al. (2014) which
stated that the Ethiopian medicinal plants presented by local healers in the community were

reported to have antibacterial activity against MDR bacterial infections.

The MIC of 7. schimperiextract was the lowest MIC compared to independent extracts
but similar to the MIC (equivalent) of its combination with R. prinoides, in the test against the
clinical isolates MDR £. coli and K. pneumoniae EBSL. This result further confirmed that 7.
schimperi had the highest antibacterial activity for the entire patient isolated MDR bacteria
and the standard reference strains compared to the tested extracts. This current study finding
is in agreement with Ibrahim and Kebede (2020) which stated that the lower MIC indicates
that the plant extracts were stronger of activities in killing or inhibiting the test pathogens and
vice versa. Additionally, this study indicated that the ratio of MBC to MIC of the 7. schimperi,
except in the test against K. pneumoniae (ATCC 700603), showed a bactericidal activity.

Additionally, the checkerboard analyses of the present study revealed that the
interaction between the 7. schimperi and ciprofloxacin combination was additive. This finding
is interpreted as the overall antibacterial activity of the combination of the extract and the
positive control equals to the sum of the individual antibacterial activity. Thirdly, following the
extract-extract combinations’ activity, the R. prinoides extract showed an antibacterial activity
against the patient-isolated, MDR E£. coli and K. pneumoniae ESBL and their reference strains
in a concentration-dependent manner, with a slight increased effect in both standard

reference strains.

In the GC-MS analyses of this study, a total of 14 constituents were identified in the
hydromethanolic leaf extract of 7. schimperi. Hexanedioic acid, bis (2-ethylhexyl) ester (RT:
19.835; 73.88%) was the main component among the total compounds eluted. Several study
reports showed that hexanedioic acid, bis (2-ethylhexyl) ester has numerous biological

activities such as antibacterial activity (Kamaruding et al.,, 2020; Daniel et al., 2021) and
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antioxidant and antibacterial activities (Tayade et a/, 2013; Ferdosi et al, 2021). The
antioxidant and antibacterial activity of the 7. schimperi extract in this study is the highest
among the tested extracts. Therefore, together with other compounds eluted, hexanedioic
acid, bis (2-ethylhexyl) ester offers this important antioxidant and antibacterial activity to have

from 7. schimperi extract.

Thymol, which is the second major component of 7. schimperi extract during the GC-
MS analyses, was reported as possessing different biological activities. Accordingly, thymol
was stated to have antifungal activity (Shcherbakova et al, 2021), antibacterial activity
including against Gram-negative bacteria strains (Trombetta et a/., 2005; Zarrini et al., 2010;
Khoury et al., 2016; Marchese et al, 2016; Rua et al, 2019; Kachur and Suntres, 2020),
antimicrobial, antibacterial, antifungal and antiparasitic properties (Marchese et al., 2016;
Nagoor Meeran et al.,, 2017) and antioxidant activities (Nagoor Meeran et al., 2015; 2016).
Therefore, the presence of thymol in higher concentration in the hydromethanolic extract of
7. schimperi in this study could be the possible explanation for its higher antibacterial and

antioxidant activities compared to other extracts.

Obtained results showed that the third compound in the GC-MS analyses of 7.
schimperi extract was o-cymen-5-ol. According to Pizzey et al. (2011), o-cymen-5-ol alone or
together with zinc has shown direct antimicrobial effects, inhibiting oral disease-related
processes, and showing synergistic effects against anaerobes. Further, o-cymen-5-ol was
reported by ANECO (2022) that it has antibacterial activity, absorb specific wavelengths of
ultraviolet light, inhibits oxidation, and in cosmetics preparations has antiseptic, anti-acne, and
extends the shelf life of products. A report from Lesielle Adaptive Skincare (2022) reported
that o-cymen-5-ol has an antibacterial activity. The 7. schimperi's antibacterial and antioxidant
activities possibly could be due to the presence of o-cymen-5-ol alone or together with other

phytochemical constituents.

Similar to the finding of the GC-MS analyses of 7. schimperi extract, the major
constituent of the hydromethanolic crude extract of R. prinoides was hexanedioic acid, bis (2-
ethylhexyl) ester. As previously mentioned, this compound has reported to have antioxidant

and antibacterial activities (Tayade et al., 2013; Ferdosi et al., 2021).

The second abundant bioactive compound known as B-D-Glucopyranoside (methyl)
among the total eluted compounds in the GC-MS analyses of R. prinoides, was reported to
have antibiotic, antibacterial, and antimycotics activities (Shaheed et a/, 2018; National

Center for Biotechnology Information, 2022). A smaller number of reports (Salem, 2005;
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Panghal et al, 2011) also described that the B-D-Glucopyranoside (methyl), which is a
chemical component found in phenols and flavonoids, could potentially have an antimicrobial,
antibacterial effect, as well as it is used in the medication of different diseases. Therefore, the
antibacterial effects of the R. prinoides in this study might be mediated from the biological

activities of these identified compounds in adequate amounts in this GC-MS analyses.

In a PubChem Compound Summary (NCBI b, 2022), debrisoquine which is also the
second highest compound identified from GC-MS analyses of hydromethanolic crude extract
of J shimperiana has a role as an antihypertensive agent, an adrenergic agent, a
sympatholytic agent and a human metabolite. Multiple reports (NCBI b, 2022) indicated that
debrisoquine is involved in the development of different diseases and disorders. Also,
DRUGBANK online stated that debrisoquine is indicated for the treatment of moderate and
severe hypertension, either alone or as an adjunct, and for the treatment of renal hypertension

involved in many drug-drug interactions (DRUGBANK, 2022).

The community study has some limitations. These include; the study design was a
cross-sectional study, by its nature, its conclusions’ are a point-time findings; as the data was
collected using interviewer administered questionnaires, the truthfulness of the self-reported
answers of the participants were difficult to prove. Furthermore, this study was conducted in
the capital city of the country (Addis Ababa, Ethiopia); therefore, these findings cannot be

generalized to the whole country.

141



FINAL CONCLUSIONS

1. The overall SMP of the study participants from the selected households was a rampant
practice. Commonly, this practice included the use of the OTC, traditional remedy, and the
antibacterial drugs, respectively. Community members with lower monthly income and poor
knowledge were more likely to have self-medication practice (SMP) compared to their

counterparts.

2. Community members within the catchment area of the diagnostic centers/study settings,
among the adult patients suspected of UTIs, showed that about 10% of patients had antibiotic
self-medication practice (ASMP). Worryingly, in this study, the inappropriate use of ASMP is a

potential threat for MDR development by bacteria.

3. A significant number of patients with a history of ASMP had MDR bacteria induced UTIs.
The two bacterial isolates identified as the most common causes of UTIs in the community
were Escherichia coli and Klebsiella pneumoniae ESBL. These bacteria were resistant to most

of the tested antibiotics.

4. Currently, there are MDR bacteria strains spreading in the community, which are difficult

to treat by the currently available antibiotics, causing MDR UTIs.

5. Patients who had a monthly income less than or equal to 4000 birr, were 50 year-old and

above and had no previous history of UTIs were statistically associated with ASMP.

6. As for the three vegetal species, the Thymus schimperi extract showed both the highest
antioxidant activity and the highest antibacterial activity against patient isolated MDR E. coli

and K. pneumoniae ESBL and reference strains.

7. The interaction of the combination of 7. schimperi extract with ciprofloxacin was classified

as additive in the case of £. coli MDR.

8. The DPPH and ABTS scavenging activities were correlated with total phenol and flavonoid
contents, respectively. Comparatively, Thymus schimperi extract had the highest total phenol,

flavonoid and proanthocyanidin contents followed by Rhamnus prinoides extract.

9. In the GC-MS analyses for identifying bioactive compounds, 7hAymus schimperi extract

had 14 compounds, Rhamnus prinoides had 6 compounds and Justicia shimperiana had 5
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compounds. The compounds identified have been reported to posess applications in different

disease treatments.

10. The presence of the different bioactive compounds and the highest antioxidant activity
reported with Thymus schimperi may explain, at least in part, the best antibacterial activity

against these patient isolated MDR E. cofi and K. pneumoniae ESBL isolates.
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Annex I (PART-ONE): Information document and Consent form

Research topic: Prevalence and determinants of self-medication practice among
selected households in Addis Ababa community, Ethiopia.

Dear participant!
The aim of this study is to measure the prevalence of self-medication practice; assess the knowledge
about appropriate self-medication practice; identify common diseases and drugs; and factors affecting
self-medication in Addis Ababa, which is expected to forward recommendations to solve the problem.
Procedure:
We invite you to participate in this project. If you are willing to participate in this project, you need to
understand and sign the agreement form. Then after, you will be interviewed by data collectors. You
do not need to write your name or tell your name to the data collector and all your responses and the
results obtained will be kept confidentially by using a coding system whereby no one will have access
to your response.
Risk/Discomfort:
By participating in this research project, you may fill that it has some discomfort especially on wasting
time about 20 minutes. We hope you will participate in the study for the sake of the benefit of the
research result. There is no risk in participating in this research project.
Benefits:
If you participate in this research project, there may not be direct benefit to you but your participation
will likely help us to meet the research objective.
Incentives:
You will not be provided any incentives or payment to take part in this project.
Confidentiality and privacy:
The information collected from this research project will be kept confidential. Information will be stored
in a file, without your name, and only a code number will be used. It will not be revealed to anyone
except the principal investigator, and it will be kept locked with key.
Right to refuse or withdraw:
You have full right to refuse from participating in this research. You can choose not to respond to some
or all questions if you do not want to give your response. You have also full right to withdraw from this
study at any time you wish without losing any of your rights.
Person to contact:
This research project was reviewed and approved by the IRB Saint Paul’'s Hospital Millennium Medical
College, Addis Ababa, Ethiopia. If you have any question, you can contact by the following address and
you may ask any time you want.

i Contact person: Mebrahtu Eyasu.

i Telephone number: +251-913-51-80-25.

i Email address: wedidellameb@gmail.com/mebratu.eyasu@sphmmec.edu.et
Informed consent:
I hereby confirm that | understand the advantage, nature, contents of this research project, and |
consent to participating voluntarily in the research project. | understand that | am at autonomy to
withdraw from the project at any time.

i Signature of participant:

i Date:
Approved by:

i1 Name of data collector:
i Signature of data collector:
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Annex-11 (PART-ONE): Data Collection Questionnaire (English)

Research topic: Prevalence and determinants of self-medication practice among selected households
in Addis Ababa community, Ethiopia.
Part I: Sociodemographic characteristics of study participants

1.
2.

3.

~

Age:

Sex:

A. Male

Religion

A. Orthodox Christian

B. Muslim

Marital status

A. Single

B. Married

Ethnicity

A. Ambhara

B. Oromo

Educational Status

A. llliterate

B. Read and write but have no formal
education

Monthly Income (in Birr):

Occupation

A. Student

B. Government employed

C. Employed in private business
Family Status

A. Father

B. Mother
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B. Female

C. Protestant
D. Others (specify):

C. Divorced
D. Separated

C. Tigray
D. Others (specify):

Elementary
Secondary school
Higher education

mo o

D. Have private owned business

E. House wife

F. Others
C. Child
D. Relative



Part I1: Questions related to self-medication
1. Have you ever self-medicated within the past two months?

A. Yes B. No
2. If No to Q1, what was your reason?
A. Not to use wrong drug D. Fear of wrong use of drug
B. Fear of side effects E. 1 had no illness in the specified time

C. Fear of wrong diagnosis
F. Others, please specify:
3. If “yes” to Q1, what type of medication do you use?
A. Modern medicine
B. Traditional medicine
C. Both type
4. If your answer for Q3 is modern medicine, what was your source of information about the drugs?
A. Health professional
B. Experience from previous treatment
C. Friend
D. Book/internet
E. Others, please specify:
5. If your answer is “modern medicine” for Q3, where do you get the drugs for self-medication?
A. From pharmacies/drug shops D. Others, please specify:
B. Left over from previous treatment
C. From neighbor
6. How do you request the drug if the source for the drug is drug retail outlets?
By mentioning the name of drug
By mentioning the sign and symptom of illness
By Showing drug container
By showing a piece of paper on which, the name of the drug is written
. Others; please specify
7. What was the ailment that led you practice self-medication?
Headache
Fever G. Peptic ulcer disease
Cough H. Eye disease
l.
J.

moowy

Abdominal pain Constipation
Toothache Other (specify)
. Diarrhea

8. Could you tell/show me the drug/drugs that you used for self-medication purpose?

moowz>

Tn

9. Could you please tell me why you practice/prefer self-medication?

A. Time constraint D. Emergency case
B. Minor illness E. Self-medication is cheap
C. Health institution is too far F. 1 know the drug before

G. Others (please specify):
10. What was the perceived outcome of the self-medication?
A. Cured from the illness C. No improvement
B. Get relief from the illness D. Get worsened
E. Others (Please specify):
11. Was there any special physiologic/pathologic condition while self-medicating?
No special condition
Pregnant
Breastfeeding
Had a chronic disease such as diabetes, hypertension, liver disease, kidney disease, etc
Others (Please specify):

moow

167



Part 111: Assessment of knowledge of participant on appropriate SMP
1. Do you know that some drugs?
A. Cannot be taken with other drugs? A. Yes, | know B. No, I don’t know
B. Cannot be taken with alcoholic drinks? A. Yes, | know B. No, I don't know
C. Cannot be taken with some kinds of foods? A. Yes, | know, B. No, | don’t know
2. Do you know that some drugs are contraindicated or:
A. Cannot be given to children? A. Yes, | know B. No, I don’t know
B. Cannot be given to pregnants? A. Yes, | know B. No, I don’t know
C. Cannot be given to breast feeding mothers? A. Yes, | know  B. No, | don’'t know
D. Cannot be taken by people with chronic diseases? A. Yes, | know, B. No, I don't know
3. Do you know that the same drug can be given by oral, injection, topical or other routes?

A. Yes, | know B. No, I don't know
4. Did you discontinue taking drugs before the date advised by the health care provider?
A. Yes B. No
5.  While taking drugs, do you usually take alcoholic drinks?
A. Yes B. No
6. Do you share drugs with family members, friends, neighbors, etc.?
A. Yes B. No
7. Do you believe that the same drug can be a remedy or a poison?
A. Yes B. No
8. Do you check expiry date of drugs during purchasing or before use?
A. Yes B. No
9. Would you tell us about your attitude towards self-medication practice?
A. Agree
B. Disagree
C. Depends on the type of disease to be treated and the drug to be used
D. No comment
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Annex-111 (PART-ONE): Data Collection Questionnaire (Amharic)
PO ML R AOAL M
et PA-PMLP PR

Pmg+k CAN:  NAGN ANN N 1PLPTF @D &N7Y NN NARLULT Paange ATes +P0H 180 F7
mmeTt

PHU MGt PT AAD 1AL ANN W19 1PLPTF @-ND PADF £NF NN NAPEY T PTINIP ATLT +LPH
PLPFF PTFT MAPTE Y0 PAYAMY dBZE MG+TY P+dA NMELFR N+ PUNZTHANT PMS
TFoIC NAP&L& AIRC TAP ANTPR? LPLPA: NHU mTF AL ATRA+E N+HATA- 2U IAANP dBLE AmG+
NF P @A 10 91AR PAUYT AT TNELP PTRPNLAIP NPT JPY9R APADY+ AN+NNLMT APMPP RFAA::
ALY NG+ ARA+E €95 1PF? U, AP A. RELAL9P

NG+ AMRA+E &P LT NUPF NLCTP £LI1M-AT:: &CTY
AGPLHTTP ATADAITAT!
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N&A AYE : MUNL P +8¢FF e+ Ah+: 2 PEPT

1L.AZMP N3F 10?7

2.2 U.n*F A DTE

3.4 YPFP LY 1?2 U. ACFRAN AL T™AAT 4 TEENFTT 0B AA (29ART )
4. PFH8C Ui U. PAIN AL 21N A P /N1 dB. P+APR /P+4dd

5.NhCP PIET 102 U, AT A hCT  h. F942 . AA  (RO9ART )
6. PTIRUCT BB

U. Pa+amc, a FA+E 248
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PART TWO: Annex |I: RESEARCH CONSENT FORM

Dear participants!
My name is , 1 am currently a member of data collectors for this research which is
conducted by Mebrahtu Eyasu on the study intended to assess “antibiotic self-medication practice among
adult patients suspected with urinary tract infections in Addis Ababa, Ethiopia”which is expected to forward
recommendations to solve the problem.
Procedure:
We invite you to participate in this project. If you are willing to participate in this project, you need to
understand and sign the agreement form. Then after, you will be interviewed by data collectors. You do
not need to write your name or to tell your name to the data collector and all your responses and the
results obtained will be kept confidentially by using coding system whereby no one will have access to your
response.
Risk/Discomfort:
By participating in this research project, you may fill that it has some discomfort especially on wasting time
about 20 minutes. We hope you will participate in the study for the sake of the benefit of the research
result. There is no risk in participating in this research project.
Benefits:
If you participate in this research project, there may not be direct benefit to you but your participation is
likely help us to meet the research objective.
Incentives:
You will not be provided any incentives or payment to take part in this project.
Confidentiality and privacy:
The information collected from this research project will be kept confidential. Information will be stored in
a file, without your name, only code number is used. It will not be revealed to anyone except the principal
investigator and it will be kept locked with key.
Right to refuse or withdraw:
You have full right to refuse from participating in this research. You can choose not to respond to some or
all question if you do not want to give your response. You have also full right to withdraw from this study
at any time you wish without losing any of your right.
Person to contact:
This research project was reviewed and approved by the Institutional Review Board (IRB) Saint Paul's
Hospital Millennium Medical College, Addis Ababa, Ethiopia. If you have any question, you can contact any
of the following individuals and you may ask any time you want.

M Contact address of principal investigator: Mebrahtu Eyasu Belete (B. pharm, MSc, Assistant

Professor); Telephone: +251-913-51-80-25.

Email: wedidellameb@gmail.com/mebratu.eyasu@sphmmc.edu.et/mebratupharmacology@gmail.com
Informed consent: | hereby confirm that | understand the contents of this document and the nature of
the research project, and | consent to participating voluntarily in the research project. | understand that |
am at autonomy to withdraw from the project at any time.
Signature of participants: ; Date:
Name and signature of data collector: ; Date:
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PART- TWO: Annex I1: Data Extraction Questionnaire (English)

Research topic: Antibiotic self-medication practice of adult patients suspected of urinary Tract Infections
in Addis Ababa, Ethiopia.
Part 1. Sociodemographic characteristics of the patients
1. Age:
Sex:
Religion
Orthodox Christian
Muslim
Protestant
Others (specify):
Marital status
Single
Married
Divorced
Separated
Widowed
Other
Educational Status
llliterate
Read and write but have no formal education
Elementary
Secondary school
Above secondary school
Income level per month (in Birr):
. Occupation
A. Student
B. Government employed
C. Employed in private business
D. Have private owned business
E
F
8

NOmMODOWPOTMMOOTER0OLEWN

. House wife
. Others
Place of residence
A. Urban B. Rural
Part 11. Knowledge towards antibiotics
1. Have you heard the word antibiotics?
A.  Yes B. No
2. What are antibiotics used for? (Check more than one if applicable)
A. Virus infection
B. Bacterial infection
C. Others (specify)
3. Which of the following statement(s) about antibiotics is (are) correct? (True/False)
A. Broad-spectrum antibiotics are better than narrow-spectrum ones A. True B. False
B
C
D
E
F
G
H
J.
.

Higher doses result in faster recovery A. True B. False

Lower doses result in less adverse reactions A. True B. False

Switching antibiotics enhances drug effects A. True B. False

Switching antibiotics reduces adverse reactions A. True B. False

Intravenous is better than oral medication A. True B. False

Antibiotic self-medication could cause drug resistance A. True B. False
Antibiotic self-medication can be practiced for all drugs A. True B. False
Antibiotic self-medication can result into disease complication A. True B. False
Antibiotic self-medication can result into harmful effects A. True B. False

4. Do you know that some drugs:
A. Cannot be taken with other drugs? A. Yes, | know B. No, I don't know
B. Cannot be taken with alcoholic drinks? A. Yes, | know B. No, I don’t know
C. Cannot be taken with some kinds of foods? A. Yes, | know B. No, I don’t know
5. Do you know that some drugs are contraindicated or?
A. Cannot be given to children? A. Yes, | know B. No, I don’t know
B. Cannot be given to pregnant? A. Yes, | know B. No, | don’t know
C. Cannot be given to breast feeding mothers? A. Yes, | know B. No, I don’t know
D. Cannot be taken by people with chronic diseases? A. Yes, | know  B. No, | don’'t know
6. Do you know that the same drug can be given by oral, injection, topical or other routes?
A. Yes, | know B. No, I don’t know
7. Do you check the expiry date of the drugs you purchase or before use?
A. Yes B. No
Part I11. Antibiotic Self-medication behaviors of the patients
1. Did you treat yourself with antibiotics in the past 12 months?
A.  Yes B. No
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2. If your response is NO to Question number one (Q1), what was your reason?

A. Not to use wrong drug D. Fear of wrong use of drug
B. Fear of side effects E. 1 had no illness in the specified time
C. Fear of wrong diagnosis F. Others (specify)

If your response is NO (for questioner number 1), please go to Part IV Question 1.

3. How many times did you treat yourself with antibiotics in the past one year?
If your response is NO (for questioner number 1) and no self-medication within 12 months, please go
to Part Il Question

4. What was (were) your reason(s) of self-medication with antibiotics? (Check more than one if applicable)

A. Time constraint
B. Minor illness
C. Health institution is too far
D. Emergency case
E. Self-medication is cheap
F. 1 know the drug before
G. Others (specify):
5. For which of the following complaint(s) did you use antibiotics? (check more than one if applicable)
A. Headache F. Diarrhea
B. Fever G. Peptic Ulcer Disease
C. Cough H. Eye disease
D. Abdominal pain 1. Constipation
E. Toothache J. Others (specify)
6. Your selection of antibiotics was based on... (check more than one if applicable)
A. Recommendation by community pharmacists D. My own experience
B. Opinion of family members E. Previous doctor’s prescription
C. Opinion of friends F.  Others (specify)

7. What did you consider when selecting antibiotics? (check more than one if applicable)
A. Type of antibiotics
B. Brand of antibiotics C.  Price of antibiotics D.  Indications for use E. Adverse reactions F.
Others (specify)__
8. Where did you usually obtain antibiotics from for self-medication? (check more than one if applicable)
A. Community Pharmacists
B. Leftover from previous prescription
C. From neighbor
D. Others (specify)
9. How do you request the drug if the source for the drug is drug retail outlets?
A. By mentioning the name of the drug
B. By mentioning the sign and symptom of iliness
C. By showing drug container
D. By showing a piece of paper on which, the name of the drug is written
E. Others (specify)
10. Did you ever check the instructions come with the package insert of antibiotics for self-treatment?
A. Yes, always. B. Yes, sometimes C. Never
If your response is Never, please, go to Question 12
11. How much did you understand the instructions?
A.  Fully understood
B. Partly understood
C. Did not understand at all
12. How did you know the dosage of antibiotics? (Check more than one if applicable)

A. By checking the package insert E.From my previous experience
B. By consulting a pharmacist F.By guessing the dosage by myself
C. By consulting family members/friends G. Other (specify)

D. From the Internet

13. Did you ever change the dosage of antibiotics deliberately during the course of self-treatment?
A.  Yes, always C. Never
B. Yes, sometimes
If your response is never, please, go to Question 15.
14. Why did you change the dosage of antibiotics during the course of self-treatment? (Check more than
one if applicable)
A. Improving conditions D. Drug insufficient for complete treatment
B. Worsening conditions E. Others (specify)
C. To reduce adverse reactions
15. Did you ever switch antibiotics during the course of self-treatment?
A. Yes, always
B. Yes, sometimes
C. Never
If your response is never, please, go to Question 17
16. Why did you switch antibiotics during the course of self-treatment? (Check more than one if applicable)
A. The former antibiotics did not work C. The latter one was cheaper
B. The former antibiotics ran out D. To reduce adverse reactions
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E. Others (specify)

17. How many different antibiotics did you take maximally during a single illness?

18. Are you concerned that you might have taken counterfeit antibiotics?

A.  Yes, very much B. Yes, somewhat C. No

19. Have you ever found out that you had taken the same antibiotics with different names at the same
time? A.  Yes B. No

If your response is No, please, go to Question 21.

20. What did you do for the adverse reactions during taking the same antibiotics with different antibiotics?
(Check more than one if applicable)

A. Stopped taking antibiotics D. Consulted family members/friends
B. Switched to another antibiotic E. Nothing
C. Consulted pharmacy staff F. Others (specify)
21. When did you normally stop taking antibiotics? (Check more than one if applicable)
A. After a few days regardless of the outcome E. At the completion of the course
B. After symptoms disappeared F. After consulting a doctor/pharmacist
C. A few days after the recovery G. Others (specify)

D. After antibiotics ran out

22. Please write down the names of antibiotics you have ever taken for self-medication:
23. What do you think about self-medication with antibiotics for self-health care?
A. Good practice C. Not acceptable practice
B. Acceptable practice
24. What was the perceived outcome of the self-medication?
A. Cured from the illness D. Get worsened
B. Get relief from the illness E. Others (specify):
C. No improvement
25. Do you think you can treat common infectious diseases with antibiotics successfully by yourself?
A. Yes,lcanB. Notsure C. No, Icannot
Part-1V: Clinical variables of study participants (from patient chart)
1. Co-infection

2. Current symptom of the patient: A. Symptomatic B. Asymptomatic
3. History of catheterization: A. Yes B. No
4. History of UTls: A. Yes B. No
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PART V. URINE CULTURE AND SENSITIVITY

1. Antimicrobial susceptibility test against bacterial isolates among UTIs suspected patients (Marked

as: S: sensitive, I: Intermediate and R: resistant).

Bacteria

No.
isolates

Amp

C

Aml

SXT

CIP

CRO

CN

NA

KF

NOR

DO

TE

others

E. coli

Other bacteria

Note: Amp=Ampicillin; Aml=Amoxicillin; C=Chloramphenicol; NA=Nalidixic Acid; F=Nitrofurantoin;
NOR=Norfloxacin;

CN=Gentamicin;

ClIP=Ciprofloxacin;
DO=Doxycycline; SXT=Trimethoprim-Sulfamethoxazole; TE=Tetracycline and others.
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PART-TWO: Annex I11: Data Collection Questionnaire (Amharic)
PhTt MmeP

N&A 1: MYNLP +8¢FT e+aAhE D PEPF

1LALMP N 10-?
2.2 0. @12 AL AT
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0l-THPNLT ALY LRT ANA FPTFPAU? U. AP A. RRLAGP
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MANP ALLIMT° AAMPIE NPT ML ML M PR 15 PIPG::
14. AFRYE 10» PARLYL$FT AOM7 PPP4T?
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18. P9°FrMPIPNF@ POL-+YPN LY LY LT MeFFD PAMNE ATSL U FNNAU?
U. AP A8 NMID; A. AP N+DAY TRAN; h. AAANTD

19. 0P 9@ PGP Ma™F gZ-+HPALT ARL Y $F7 o PHADF?

U. Nt 9% NIA NO Mok NH AABLYP W, PaD Y4 PAhNIRT IH hAP NIA
A. Phamge gRANSTFY N+HDT NIA Z. GCTANTTY hnChT NYA
4. et ¢5F N77000% NIA A. AdeT /A8/

an, am g5 +k% AP NIA

20. +@ANL B8Z-tHAPALT ALYLFFT N+APLP NPT NATE 9IH MNLM- PO-PN
U. AP (I1A6 ); A. ARRAGD
MANP AL2LATR NPT ML $ME M PP 22 PIR4.::

21. PAREYLEFT P110R R8T NALINIRT 9IH NI HIRF H, 9 PLLCIN?

U. eyt am-ALY A fell:: a N+-ANE MLIR 3EF ATINC-Aol:
A. AA REALT AP Lol i W, gRy9D KARCOGP =
. &LTANTTT ATNL AU N. AreT /908/

22. PEMPTPANFED- 00 LYLFY 2G:
23. NBL-+APNLT PARLYLEFT 4N N-NT T9NGE RTLF FANPAU?
U. ™% AT8; A +PNLTF PAG ATIE 1@ . +NRYF PAD- ATIL RLLAGE::
24. NBL-+APNLT LYLETF LAPFT NPT MNP Mok 927 INC 2
U. hyaeae aop Adef FAL-
A. haoae +FAeE A
. RATAAT IR
@ panae NANE
Z. AA (TAB)
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25. NGNPF AL +AAL NAFPFT NLLINICPF N+AN AN ANPTFT NGANPT TN SFAk:
U. AP AFARU =2 A, ACIME AL LALT® = h. AATATD =

h&d 4 “: hALhA ao/8

1) AANAF NAU/A +574/C?

2) NALF PATE &N ATLART TPART AAD? U, AP A. hE2RAGR

3) NE+C MNPAUMR £2A? U. AP A. REBAGD

4) hHU N&F PRTE &N ATLART SHU/M Par$A2U. AP A. RELATR

m/8 ANAND P IRAMD- :

**% PANGF¢ PR NAFC ™Mt (Organism found and antimicrobial susceptibility: Attach laboratory result)

R R R R R R R R R R R AR R AR R AR R AR R AR R

Note: 6Z-+APAPT aeYy1$+3 PmmNA: Ampicillin; Amoxicillin; Chloramphenicol; Nitrofurantoin;
Gentamicin;  Ciprofloxacin; Cephalothin; Ceftriaxone; Norfloxacin; Doxycycline;  Trimethoprim-
Sulfamethoxazole; Tetracycline; Nalidixic Acid.
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