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INFLUENCIA DO pH NA ATIVIDADE DA CIPROFLOXACINA CONTRA Escherichia Coli
ISOLADA EM AMOSTRAS DE URINA

RESUMO

As infeccbes do trato urinario (ITU) estdo entre as infeccBes bacterianas mais comuns em
humanos, afetando milhdes de pessoas na comunidade anualmente. A maioria das ITUs écausada
por bactérias Gram-negativas, especialmente espécies da familia Enterobacteriaceae, com
Escherichia coli comumente isolada em aproximadamente 70 a 90% dos casos relacionadosa
infeccdes ndo complicadas do trato urinario. O tratamento das ITUs tem se tornado um desafio
tanto pela recorréncia dessas infeccdes quanto pelo aumento gradual das taxas de resisténcia
bacteriana aos antimicrobianos, incluindo o ciprofloxacino. Para que haja eficicia terapéutica nas
ITUs, o pH urinério deve ser considerado um fator relevante. O objetivo deste trabalho foi verificar
a variacdo da concentracdo inibitéria minima do ciprofloxacino contra pH 6,0, 7,0 e 8,0 para a
otimizacdo do pH do ambiente, proporcionando um melhor alcance do resultado terapéutico a sua
relagdo com o pH urinario. No periodo de junho de 2018 a junho de 2019, foram selecionados 106
isolados consecutivos de E. coli recuperados de pacientes internados ou atendidos em pronto-
socorro ou ambulatério do Hospital Universitario Regional de Maringa. Quando testado em pH
8,0, observou-se que 66% dos isolados foram sensiveis ao ciprofloxacino, com crescimento de
até MIC 0,25 mg / L. Um total de 18 isolados resistentes ao ciprofloxacino em pH 6,0 tornaram-
se sensiveis quando testados em pH 8,0. Pelos resultados deste estudo, é possivel observar que a
urina e, em particular, seu pH influenciam a atividade do ciprofloxacino, enfatizando o pH acido

comumente encontrado no trato urinario e que pode diminuir sua atividade.

Palavras-chave: Enterobacteriaceae; antimicrobiano; ciprofloxacino; infeccéo do trato urinario



INFLUENCE OF pH ON CIPROFLOXACIN ACTIVITY AGAINST Escherichia Coli
ISOLATED IN URINE SAMPLES

ABSTRACT

Urinary tract infections (UTI) are among the most common bacterial infections in humans,
affecting millions of people in the community annually. Most UTIs are caused by Gram-negative
bacteria, especially species of the Enterobacteriaceae family, with Escherichia coli commonly
isolated in approximately 70 to 90% of cases related to uncomplicated urinary tract infections.
Treatment of UTIs has become a challenge both due to the recurrence of these infections and the
gradual increase in rates of bacterial resistance to antimicrobials, including ciprofloxacin. For there
to be therapeutic efficacy in UTIs, urinary pH must be considered as a relevant factor. The
objective of this work was to verify the variation of the minimum inhibitory concentration of
ciprofloxacin against pH 6.0, 7.0 and 8.0 for the optimization of the pH of the environment,
providing a better reach of the therapeutic result to its relation with urinary pH. In the period from
June 2018 to June 2019, 106 consecutive isolates of E. coli recovered from patients who were
hospitalized or who were seen in emergency care or Regional University Hospital of Maringa
outpatient clinics were selected. When tested at pH 8.0, it was noted that 66% of the isolates were
sensitive to ciprofloxacin, with growth up to MIC 0.25 mg / L. A total of 18 isolates that were
resistant to ciprofloxacin at pH 6.0 became sensitive when tested at pH 8.0. From the results of
this study, it is possible to observe that urine and, in particular, its pH influence the activity of
ciprofloxacin, emphasizing the acid pH that is commonly found in the urinary tract and which can
decrease its activity.

Keywords: Enterobacteriaceae; antimicrobial; ciprofloxacin; urinary tract infections
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11

CAPITULO |

1.1 INTRODUCAO

As infeccOes do trato urinario (ITUs) representam um problema global, ocorrendo na
comunidade e no ambito hospitalar®. As ITUs estdo entre as infecgdes bacterianas em humanos
mais comuns, afetando anualmente milhdes de pessoas na comunidade e também nas unidades
prestadoras de assisténcia & satde®® e associadas substancialmente a mortalidade e morbidade®.
Dentre as infec¢Bes nosocomiais, cerca de 30% a 50% é representado pelas ITUs®.

Consideradas entre as mais frequentes causas de internacfes por infecgfes em pacientes
idosos, as ITUs também sdo motivo mais comum de prescricdo de antimicrobianos na atencéo
basica®®. A alta incidéncia esta relacionada a vérios fatores de risco, como por exemplo, a
utilizacdo de cateter, manipulacdo cirurgica, diabetes, uso de drogas imunossupressoras e
internacBes prévias“®. Em pacientes hospitalizados, as 1TUs possibilitam o desenvolvimento de
sepse ocasionando um aumento nas taxas de mortalidade(®).

A ITU ndo complicada é uma infeccdo ocasionada na bexiga e estruturas relacionadas.
Acometem geralmente em pacientes sem anormalidades estruturais e sem comorbidades, como
diabetes, imunocomprometidos ou gestantes. As mulheres sdo mais sucetiveis a desenvolverem
infeccdo urinaria 4 vezes mais do que em homens, por terem uretra mais curta®!®. Os sintomas
podem incluir distria, frequéncia urinaria ou urgéncia urinaria?.

A ITU ¢é considerada incomum em homens circuncidados, sendo assim, qualquer 1TU
masculina é classificada como complicada. Muitos casos de ITU ndo complicada se resolvem
naturalmente, sem necessidade de tratamento, mas muitos pacientes procuram tratamento para o0s
sintomas. O tratamento previne a disseminacao para os rins ou desenvolver doencas do trato
superior, como a pielonefrite(® 12,

A urina € um meio ideal para o crescimento de bactérias™V. Grande parte das infeccdes do
trato urinario (ITUs) sdo causadas por bactérias Gram-negativas, especialmente espécies da familia
Enterobacteriaceae, sendo a Escherichia coli (E. coli) comumente isolada® em aproximadamente
70 a 90% dos casos relacionados a ITU ndo complicada®®'®). Além de E. coli, espécies de
Klebsiella, Proteus e Enterobacter sio frequentemente recuperadas de pacientes comITUs 9,

Para ITUs complicadas, incluindo pielonefrite, a terapia com ciprofloxacino ¢ uma das
principais opcles contra bactérias Gram-negativas multidroga resistentes devido as elevadas

concentragdes que pode atingir no trato urinario 7. O ciprofloxacino esté incluido na lista de
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medicamentos essenciais da Organiza¢do Mundial de Satde (OMS). Esse antimicrobiano pertence
a classe das fluoroquinolonas e, desde 1987, € frequentemente usado para tratar diversasinfec¢oes
bacterianas®).

As fluoroquinolonas apresentam relevancia no tratamento de infeccdes mais graves e
septicemia, deste modo, o ciprofloxacino é considerado como um tratamento alternativo, ndo como
um antibidtico de primeira linha, no tratamento de cistite nio complicada®®. O ciprofloxacino é
utilizado como terapia empirica de segunda linha em casos de pielonefrite levee moderada ou
tratamento de ITU complicada, e como tratamento empirico de terceira linha paracistite ndo
complicada®.

As propriedades fisicas e quimicas das quinolonas tem efeitos relevantes para sua
farmacocinética e farmacodindmica®??. O ciprofloxacino tem a capacidade de inibir a
proliferacdo de células eucariéticas por meio de danos ao DNA mitocondrial®. Na figura 1 é
possivel observar a estrutura molecular detalhada do ciprofloxacino e com a seguinte formula

molecular C17H18FN30s.

n

OH

O

Figura 1: Estrutura molecular do ciprofloxacino. Fonte: Jalil et al., 2015@),

As fluoroquinolonas com um grupo piperazina em C-7, como o ciprofloxacino, apresentam
uma atividade diminuida com a redugdo do pH. Em pHs altos todas as fluoroguinolonas tendem a
ter carga negativa, porém, em pHs mais baixos, as fluoroquinolonas contendo o grupo piperazina
sdo carregadas positivamente e esse fator pode diminuir sua penetragdo nas bactérias e
consequentemente diminuir sua atividade®®. Da mesma forma que o pH urinario interefere na
atividade das fluoroquinolonas, os cations urinarios divalentes como o célcio e 0 magnésio também
podem diminuir sua atividade®®.

A molécula ciprofloxacino com um pH abaixo de 6,1 € considerada ions positivo (cations),
jacom pH de 6,1 a 8,7 sdo moléculas de ions dipolo, quando o pH é maior que 8,7, a molécula de
ciprofloxacino é um ion negativo (anion)®”. A molécula deste antibiético ¢ degradada em solucdes

do qual o pH seja inferior a 7, devido a alta solubilidade nestas condig¢des(Figura 2).
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A prescricdo empirica de antibioticos para este tipo de infec¢do é frequente, por razdo da
demora na liberacdo de resultados de cultura e de antibiograma, sendo esta procedéncia um fator
de risco para o desenvolvimento de resisténcia bacteriana aos antibioticos®®?%. O tratamento de
pacientes com ITUs tem se tornado um desafio devido a alta prevaléncia e recorréncia dessas
infeccOes e ao aumento gradativo das taxas de resisténcia bacteriana aos antimicrobianos,

incluindo o ciprofloxacino®516:30-32),

e CTP* —— CIP* —— CIP-
100 4= -

80 4

Espécies de CIP (%)

20 +

L]

Figura 2: Distribuicdo das espécies de CIP em funcdo do pH. Fonte: Jalil et al., 2015.

Para que exista eficacia terapéutica, o pH urinario deve ser classificado como um fator de
relevancia ©®. O pH urinario ndo afeta apenas o crescimento do uropatdgeno, mas também a
atividade antimicrobiana de varios antibiGticos@+3,

Dependendo do antimicrobiano, se o pH urinario ndo for monitorado, a atividade
antimicrobiana pode apresentar o mesmo efeito que concentra¢bes urinarias subinibitdrias,
predispondo ao desenvolvimento de resisténcia®). O pH pode causar um significativo impacto
sobre as bactérias, favorecendo varias respostas adaptativas e protetoras alterando, por exemplo,
os padrdes de expressdo génica de resisténcia e a fisiologia celular, que influencia a sensibilidade

aos antimicrobianos®¥.
1.2 JUSTIFICATIVA

Diante do aumento de bactérias Gram-negativas multirresistentes causando ITUs, as
dificuldades cada vez maiores no tratamento dessas infecgdes e a falta de dados na literatura que

auxiliem os clinicos a determinarem o melhor recurso terapéutico para as 1TUs, observamos a
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necessidade de estudos baseados no resgate de antimicrobianos antigos e que verifiquem o impacto
do pH na atividade dos mesmos.

Tem sido relatado que as condicdes fisioldgicas, como o pH, apresentam influéncia na
sensibilidade dos microrganismos (begic), porém, poucos estudos atuais relacionam a influéncia
do pH na atividade do ciprofloxacino contra bactérias Gram-negativas isoladas da urina.

Baseados nesse contexto, a partir dos dados que serdo coletados neste estudo e
considerando a experiéncia do nosso grupo de pesquisa no assunto, acreditamos gque Nnossos
resultados serdo importantes instrumentos para auxiliar no direcionamento do tratamento econtrole

da resisténcia bacteriana em infeccdes urinarias.

1.3 OBJETIVOS

1.3.1 Objetivo Geral

Analisar a influéncia do pH sobre a atividade do ciprofloxacino contra bactérias gram-

negativas isoladas da urina de pacientes atendidos no Hospital Universitario Regional de Maringa.

1.3.2 Objetivos especificos

» Recuperar durante o periodo de um ano todos os isolados de E. coli da urina de
pacientes de um hospital ensino;

» Determinar a concentracdo inibitoria minima do ciprofloxacino em diferentes
pHS;

» Investigar o impacto do pH sobre a atividade do ciprofloxacino;

» Buscar dados do pH urinario a partir do exame de urina tipo 1 dos pacientes.
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Abstract:

Urinary tract infections (UTI) are among the most common bacterial infections in
humans, affecting millions of people in the community annually. Most UTlIs are caused by
Gram-negative bacteria, especially species of the Enterobacteriaceae family, with Escherichia
coli commonly isolated in approximately 70 to 90% of cases related to uncomplicated urinary
tract infections. Treatment of UTIs has become a challenge both due to the recurrence of these
infections and the gradual increase in rates of bacterial resistance to antimicrobials, including
ciprofloxacin. For there to be therapeutic efficacy in UTIs, urinary pH must be considered as a
relevant factor. The objective of this work was to verify the variation of the minimum inhibitory
concentration of ciprofloxacin against pH 6.0, 7.0 and 8.0 for the optimization of the pH of the
environment, providing a better reach of the therapeutic result to its relation with urinary pH. In
the period from June 2018 to June 2019, 106 consecutive isolates of E. coli recovered from
patients who were hospitalized or who were seen in emergency care or Regional University
Hospital of Maringa outpatient clinics were selected. When tested at pH 8.0, it was noted that
66% of the isolates were sensitive to ciprofloxacin, with growth up to MIC 0.25 mg/ L. A total
of 18 isolates that were resistant to ciprofloxacin at pH 6.0 became sensitive when tested at pH
8.0. From the results of this study, it is possible to observe that urine and, in particular, its pH
influence the activity of ciprofloxacin, emphasizing the acid pH that is commonly found in the

urinary tract and which can decrease its activity.
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Introduction

Urinary tract infections (UTIs) are among the most common bacterial infections in
humans, affecting millions of people in the community annually. Considered among the most
frequent causes of hospitalizations for infections in elderly patients, UTIs are also the most
common reason for prescribing antimicrobials in primary care!?.

Most UTIs are caused by Gram-negative bacteria, especially species of the
Enterobacteriaceae family, with Escherichia coli (E. coli) commonly isolated in approximately
70 to 90% of cases related to uncomplicated UTI**. In addition to E. coli, species of Klebsiella,
Proteus and Enterobacter are often recovered from patients with UTIs®. Treatment of UTIs has
become a challenge both due to the recurrence of these infections and the gradual increase in
rates of bacterial resistance to antimicrobials, including ciprofloxacin®?,

Ciprofloxacin is included in the World Health Organization (WHO) list of essential
drugs. This antimicrobial belongs to the fluoroquinolone class and, since 1987, has been used
frequently to treat various bacterial infections®. For complicated UTIs, including pyelonephritis,
ciprofloxacin therapy is one of the main options against multidrug-resistant Gram-negative
bacteria (MDR-GNB) because they have high concentrations in the urinary tract*®. Quinolones
are structurally similar, but they vary considerably in polarity. The manipulations of the urinary
pH change the percentage of this antibiotic with dipolar ion, causing its activity to increase or
decrease!’.

For there to be therapeutic efficacy in UTIs, urinary pH must be considered as a relevant
factor. In acidic urine, the pH can vary from 4.5 to 6.0 and alkaline from 6.5 to 8.0'2, thus the pH
of the fluid where the bacteria are present during the infectious process can vary, assuming an
acidic or basic characteristic>**. Urinary pH affects not only the growth of the uropathogen, but
also the activity of the antimicrobial agents used in the treatment of UTIs!*1®. Depending on the
antimicrobial, if urinary pH is not monitored, its activity may decrease, predisposing to the

development of resistance’?.
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In view of the increase in MDR-GNB causing UTIs, the increasing difficulties in the
treatment of these infections and the lack of data in the literature to assist in the best therapeutic
resource for UTIs, we observed the need for studies to verify the impact of pH on the activity of
antimicrobialslt is known that physiological conditions, such as pH, have an influence on the
sensitivity of microorganisms'®, however, few current studies relate the influence of pH on
ciprofloxacin activity against E. coli isolated from urine.

Thus, the objective of this work was to verify the variation of the CIM (Minimum
Inhibitory Concentration) of ciprofloxacin against pH 6.0, 7.0 and 8.0 for the optimization of the
pH of the environment, providing a better reach of the therapeutic result to its relation with

urinary pH.
Materials and Methods
Bacterial sample

The study was conducted at the Regional University Hospital of Maringa located in the
northwest of Parana state, Brazil. In the period from June 2018 to June 2019, 106 consecutive
isolates of E. coli recovered from patients who were hospitalized or who were seen in emergency
care or Regional University Hospital of Maringa outpatient clinics were selected. They were
later stored in the Medical Microbiology Laboratory (MML) of the State University of Maringa,
Parand, Brazil. Only one isolate per patient was included in the study, always being the first
isolate. Bacterial isolates were identified and with a sensitivity profile to antibacterial agents
using the automated system BD Phoenix™ (BD Diagnostic Systems, Sparks, MD)
Antimicrobial agent

Ciprofloxacin was purchased from LabCompany (Londrina, Parana, Brazil). The
antimicrobial was diluted in water to obtain the solution at a concentration of 16 mg/L (first
concentration), always prepared on the day of the experiment.

Determination of the minimum inhibitory concentration
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The determination of the minimum inhibitory concentration (MIC) for ciprofloxacin was
performed using the dilution agar method as recommended by the Clinical and Laboratory
Standards Institute (CLSI)Y” using pH 7.0 and Mueller-Hinton agar (Difco Laboratories, Detroit,
MI, EUA). The inoculated plates were incubated in room air at 35 £ 2 ° C for 20 h. The
ciprofloxacin sensitivity test was performed for each isolate at pH 6.0; 7.0 and 8.0. The pH
adjustment of the culture medium was performed with solutions of sodium hydroxide (NaOH)
and hydrochloric acid (HCI) after autoclaving. The MIC of the antimicrobial agent was defined
as the lowest concentration that completely inhibits the growth of the organism in duplicate tests.
The standard strains Pseudomonas aeruginosa ATCC®27853 and Escherichia coli ATCC®
25922 were used as controls. Ciprofloxacin concentrations ranged from 0.03 to 16 mg/L. The
sensitivity tests were performed in duplicate and the interpretation of MIC results based on the
breakpoints for E. coli established by CLSI ',

Secondary data search

The urinary pH data were collected from the patients' urinalysis*®. The pHs found in the
partial urine test ranged from 5.5 to 8.0. These data were correlated with the values of the MICs
obtained at the different pHs tested and with the MICs determined by the automated method
Phoenix®-BD (Becton Dickinson & Co., Sparks, MD, USA). Of the 106 isolates, the pH data of
90 urine samples were recovered, due to the fact that some samples were not prescribed for urine
testing, only culture.

Results
In vitro susceptibility

Table 1 shows the antimicrobial susceptibility profile of 106 E. coli urine isolates to
ciprofloxacin at different pH values using the dilution agar methodology. At pH 7.0, the MIC
varied between 0.03 to 16 mg/L, ciprofloxacin was highly effective in 55% of the isolates, which
were sensitive to the tested antimicrobial. In the automated methodology (Phoenix®-BD),

cultures with media at pH 7.0, 73% of the samples were sensitive to ciprofloxacin (Table 2). In



123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

25

contrast, when tested at pH 8.0, it was noted that 66% of the isolates were sensitive to
ciprofloxacin, with growth up to MIC 0.25 mg / L. A total of 18 isolates that were resistant to
ciprofloxacin at pH 6.0 became sensitive when tested at pH 8.0 (Table 1).
Effect of pH on MIC

Dilution agar method

The in vitro activity of ciprofloxacin in relation to the alkalinization of the growth culture
medium (Figure 1) when tested at pH 6.0, an increase in the number of resistant isolates was
observed, reaching 48%, with the variation of MIC 0, 06 to 16 mg/ L

Phoenix®-BD automated method

It is possible to observe (Figure 2), that the urinary pH 8.0 isolates all samples of
sensitivity to ciprofloxacin, while in urinary pH 6.0, 83% of the isolates showed resistance in

relation to ciprofloxacin.
Discussion

Fluoroquinolones with a piperazine group, such as ciprofloxacin, show a progressive
decrease in activity when the pH is reduced?®. The ciprofloxacin molecule with a pH below 6.1 is
positive ions (cations), with a pH between 6.1 and 8.7 are dipole ion molecules, when the pH is
greater than 8.7, the ciprofloxacin molecule is a negative ion (anion)?°. From this, it is possible to
perceive that in molecules with positive charge has high solubility, the ciprofloxacin molecule
will be degraded under pH conditions of the solution below 72 (Figure 3).

The authors Smith and Ratcliffe suggest that at high pHs, fluoroquinolones tend to be
negatively charged and drugs containing negatively charged piperazine, including ciprofloxacin,
would have a greater effect. However, at lower pHs such as fluoroquinolones containing
piperazine, they are positively charged and this factor can decrease their penetration into bacteria
and consequently decrease their activity. In the same way that urinary pH interferes with the

activity of fluoroquinolones, divalent urinary cations such as calcium and magnesium can also
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148  decrease their activity??. Similar to the findings of the present study, where ciprofloxacin was
149  more effective in 70 of the 109 samples, when tested in alkaline pH (Figure 1).

150 In contrast, with lower pHs, fluoroquinolones containing piperazine have a positive

151  charge, and this factor tends to decrease their penetration into bacteria and, consequently, also
152 decreases their activity®, it is possible to observe (Figure 2) in which when the antimicrobial
153  tested at pH 6.0, there was an increase in MIC, of which 52 isolates from the total of tested

154  samples, presented resistance with MICs ranging from 1 to 16 mg/L. This same effect can be
155  observed in the urine 1 partial pH of the samples, where in more acidic pHs there was an

156 increase in MICs.

157 In a study carried out on the effects of pH on quinolones it was demonstrated that the
158  antibacterial activity of ciprofloxacin against E. coli NIHJ JC-2 and Pseudomonas aeruginosa
159  ATCC 27853 was affected by urine mainly by its pH. The lower pH decreased ciprofloxacin

160  activity'®. Some findings indicate that pH factors and the concentration of divalent cations can
161  affect the activities of the drug®?3,

162 In another study reported* that the effect of pH on fluoroquinolone activity against E.
163  coli depends on the nature of the compounds present in quinolone. Reinforcing positively the
164  results of the present study, since the pHs considerably interfered in the ciprofloxacin activity,
165  mainly in alkaline pH, where it presented greater efficacy.

166 When comparing the result of urinary pH and the result of MICs performed on the

167  Phoenix®-BD automated apparatus, acidic urinary pHs increased MICs compared to alkalis.

168  Considering that the sensitivity tests to antimicrobials used in laboratory routines are carried out
169  at neutral pH, as standardized, we can consider that although some isolates present themselves as
170  sensitive in vitro they may not show the same behavior in vivo mainly for antimicrobials such as
171 quinolones that suffer important effect of pH on its activity.

172 The present study tested and demonstrated an important influence of pH on ciprofloxacin

173 activity, which warns that this fact should be considered at the time of therapy. A simple way is
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to know the pH easily measured in the laboratory routine and that would be of great value, for
the choice of the antimicrobial, as well as the use of substances can be administered
concomitantly with the antimicrobials favoring the therapeutic success of the UTIs.
Conclusion

From the results of this study, it is possible to observe that urine and, in particular, its pH
influence the activity of ciprofloxacin, emphasizing the acid pH that is commonly found in the
urinary tract and which can decrease its activity, warning that this fact should be considered at
the time of therapy. A simple way is to know the pH easily measured in the laboratory routine
and that would be of great value, for the choice of the antimicrobial, as well as the use of
substances can be administered concomitantly with the antimicrobials favoring the therapeutic
success of the UTIs.
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192  Table 1. In vitro susceptibility by the agar method diluted to pH 6.0, 7.0 and 8.0 for ciprofloxacin in 106 clinical isolates of E. coli from urinary
193  tract infections.

% of isolates

Number of isolates with the following MICs (mag/L): CLSI

Number of  pH of

Microorganism isolates thetest 0,03 0,06 0,125 0,25 05 1 2 4 8 16 S I R

E. coli 106 6,0 - 1 20 24 9 4 3 9 1 35 42 8 49
7,0 5 10 33 10 6 2 6 2 5 27 55 6 40
8,0 31 23 11 5 2 1 1 2 19 11 66 2 32

194194
195195
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1961 Table 2. In vitro sensitivity to ciprofloxacin by the automated Phoenix®-BD method of 90 E. coli clinical isolates compared to the urine from
9 which these isolates were recovered.

6
1971
9
7

198

Number of isolates with the following MICs

% of isolates

(mg/L): CLSI
Number of
Microorganism isolates pH urinary 0,124 0,25 0,5 1 2 S I R
E. coli 90* 5,0 - 2 - - 4 33 - 67
5,5 5 1 1 - 5 50 8 42
6,0 4 - - - 20 17 - 83
6,5 8 - 2 - 8 44 2 44
7,0 18 1 1 1 5 73 4 23
8,0 4 - - - - 100 - -

199  Note: * Some isolates were unable to recover the pH data from urinalysis, due to the fact that the test was not performed.
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Figure 1. Correlation of pH 6.0, 7.0 and 8.0 with the MIC values obtained by the dilution agar method at the different pHs tested by the % of E. coli

isolates.

8,0

7,0

pH
6,0

0%

10%

0,03

20% 30% 40% 50% 60% 70%

m 0,06 0,125 70,25 m0,5 ml 2 m4

Ciprofloxacin concentrations obtained in isolates (mg/L)

80%

LR

n16

90%

100%



205  Figure 2. Correlation of the urinary pHs found in the partial urine test with the MIC values obtained by the automated method at the different pHs
206  tested by the % of E. coli isolates.
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212 Figura 3. Distribution of ciprofloxacin species as a function of pH.
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296  Table Legends
297
298  Table 1. In vitro susceptibility by the agar method diluted to pH 6.0, 7.0 and 8.0 for

299  ciprofloxacin in 106 clinical isolates of E. coli from urinary tract infections.

300300

301  This table contains the in vitro sensitivity information obtained by the dilution agar method at pH
302 6.0 7.0and 8.0 tested for ciprofloxacin in 106 clinical isolates of E. coli from urinary tract

303 infections by correlating the pH and the sensitivity profile.

304304

305 Table 2. In vitro sensitivity to ciprofloxacin by the automated Phoenix®-BD method of 90 E.

306  coli clinical isolates compared to the urine from which these isolates were recovered.

307307

308  This table correlates the in vitro sensitivity to ciprofloxacin obtained by the automated
309  Phoenix®-BD method of 90 E. coli clinical isolates compared to the urine from which these

310 isolates were recovered and the pHs of the urine samples from the urine test

311 Figure 1. Correlation of pH 6.0, 7.0 and 8.0 with the MIC values obtained by the dilution agar
312  method at the different pHs tested by the % of E. coli isolates. Sensitive, MIC of < 0.25 mg/L;

313  intermediate, MIC of 0.5 mg/L; resistant, MIC of > 1 mg/L.

314  Figure 2. Correlation of the urinary pHs found in the urine test with the MIC values obtained by
315 the automated method at the different pHs tested by the % of E. coli isolates. Sensitive, MIC of <

316  0.25 mg/L; intermediate, MIC of 0.5 mg/L; resistant, MIC of > 1 mg/L.

317  Figure 3. Distribution of ciprofloxacin species as a function of pH.
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This figure represents the 3 states of the ciprofloxacin molecule at 3 different pHs that vary

below 6.1, when the molecule is positive; 6.1 and 8.7, when the molecule is neutral and above
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320 CAPITULO III

321 3.1 CONCLUSOES

322 O aumento de resisténcia aos antimicrobianos esté diretamente ligada a sua prescricao e
323  utilizacdo incorreta. A escolha do amtimicrobiano correto é de extrema importancia, pois, ele
324  que impede o desenvolvimento bacteriano. Podemos concluir com os achados do presente estudo
325  que:

326 - Foi possivel observar que a urina e, em particular, o seu pH influenciam na atividade do
327  ciprofloxacino, dando énfase ao pH &cido que é comumente encontrado no trato urinario e que
328  pode diminuir sua atividade.

329 - A importante influéncia do pH sobre a atividade do ciprofloxacino o que alerta para que
330 este fato seja considerado no momento da terapéutica.

331331

332 3.2PERSPECTIVAS

333333

334 Diante disso, é fundamental levar em consideracdo o pH da urina par a escolha do melhor

335 tratamento. Uma maneira simples é conhecer pH facilmente medido na rotina laboratorial e que
336  seria de grande valia, para a escolha do antimicrobiano, bem como o uso de substancias possam
337  ser administradas concomitantemente ao antimicrobianos favorecendo ao sucesso terapéutico das
338 ITUs.



