Egyptian Journal of Medical Microbiology

Volume 31/No.3/July 2022 57-61 Online ISSN: 2537-0979

ORIGINAL ARTICLE

Macrophage Secretory Function among Urinary Tract Infection
Patients before and after Ciprofloxacin Treatment: A Prospective

Study

Mahmoud R. M. El-Ansary
Department of Immunology and Medical Microbiology, Faculty of Medicine, Misr University for Science and

Technology, Giza, Egypt

Key words:
Proinflammatory
cytokines; Urinary tract
infection; Ciprofloxacin;
Prospective Study

*Corresponding Author:
Mahmoud R. M. El-Ansary
6" October City, Giza
Governorate

Tel.: : +201143666640
melansary2022@gmail.com

ABSTRACT

Background: Attacks of Urinary tract infections (UTIs) reached about 150 million
patients every year worldwide. They are considered a major reason for morbidity in
females in all age groups, older men and young boys. Objectives: To investigate the
effect of Ciprofloxacin treatment during urinary tract infection (UTI) infection on the
proinflammatory cytokines secretion including IL-1, IL-6, I1L-10, IL-12, and TNF in the
adult patients. Methodology: This prospective, observational cohort study involved 50
patients diagnosed with UTI over a period of 3 months from January to March 2019. On
the day of admission (before starting ciprofloxacin treatment), all the UTI patients were
submitted to an estimation of urine levels of proinflammatory cytokines including IL-1,
IL-6, IL-12, IL-10, and TNF during the first 48 hours after hospital admission. Cytokine
levels were estimated by enzyme-linked immunoassay (ELISA) kits (R&D Systems, Inc.,
Minneapolis, Minnesota, USA). The patients were treated with ciprofloxacin 500mg for 3
days. After 5 days of ciprofloxacin treatment course, the patient underwent
remeasurement of urine level of cytokines. Results: After the fifth day of ciprofloxacin
treatment course, it has been observed that there were significant decreases regarding
proinflammatory cytokine TNF, IL1, and IL6. On the other hand, there was a significant
increase in IL10 levels in the study cohort. Besides, there was no significant difference
between before and after ciprofloxacin treatment regarding IL12 levels (P-value = 0.06).
Conclusion: Ciprofloxacin treatment significantly reduces the levels of the
proinflammatory cytokine in patients with UTIs.

INTRODUCTION

Urinary tract infections (UTIs) are some of the most
bacterial infections. Globally, UTIs attack about 150
million patients every year. In Egypt, the prevalence of
urinary tract infection during pregnancy was 30.29% in
Suez governorate and ranged between 22 to 35% in
Zagazig governorate in 2021." In the united states, in
one year (2007) only, the national registry recorded
around 10.5 million office visits for UTI complaints and
about three million emergency visits.? Besides, UTIs are
a major reason for morbidity in females in all age
groups, older men and young boys. Inflammation can
affect the lower urinary tract and, also, it can extend to
the renal parenchyma.’

Many organisms are associated with UTIs
inflammations encompassing gram-negative, gram-
positive bacteria, and candida infections.> Gram-
negative Escherichia coli (E. coli) and Staphylococcus
saprophyticus together give rise to around 95% of UTIs.
These pathogens usually have high recurrence and
chronicity rates that require prophylaxis treatment in a
long-term manner.* Essentially, UTIs are managed

using antibiotics in the first line. Several types of
antibiotics were used in the past for such cases
including Nitrofurantoin, [ Lactams, Fosfomycin,
Fluoroquinolones, etc. But this empirical approach was
associated with higher recurrence and resistance rates.
Currently, the cornerstone of UTI management is
Ciprofloxacin ~ (fluoroguinolone). It  blocks the
Topoisomerase type II subtype B (TOP2p) enzyme. This
enzyme regulates the supercoiling phenomenon of the
mitochondrial DNA (mtDNA). Absence of this enzyme
subsequently leads to mtDNA accumulation and
encumbrance of the replication pursuit of the organism.®

Cytokines are soluble proteins generated by several
cells. Infections and inflammations are the main
stimulators for their production. For instance, about 40
interleukins were recognized and several ones were
divided into subtypes. Interleukin (IL)-1 is a
proinflammatory cytokine produced by macrophages in
the early stage of inflammation. Its importance
encounters the initiation and the regulation of the
inflammatory process.® Furthermore, IL-6 plays a
substantial role in the regenerative activity during the
early stages of bacterial infection. Absence of this
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essential  cytokine exasperate the inflammatory
activities. It has been found that this anti-inflammatory
pursuit was arbitrated by trans-signaling.” Also, I1L-10
has multiple, pleiotropic impacts on the array of the
inflammatory and hemostatic activities. It mediates the
B cells survival, division, and antibody secretion.
Besides, the down regulation of T helper (Th)l
cytokines and MHC class Il antigen expressions are
achieved by IL-102 The current study aims to
investigate the effect of Ciprofloxacin treatment during
UTI infection on the proinflammatory cytokines
secretion including IL-1, IL-6, IL-10, IL-12, TNF in the
adult patients.

METHODOLOGY

Study setting and study design:

This study was conducted in the Internal Medicine
Department of Misr University for Science and
Technology Medical Center. This prospective,
observational cohort study involved 50 patients
diagnosed with urinary tract infection (UTI) over a
period of 3 months from January to March 2019. Data
collection was initiated after getting the ethical approval
_in January 2019_ from the institutional review board of
Misr University for Science and Technology. All
patients were diagnosed with UTIs due to E. coli. Urine
samples of those patients confirmed significant E. coli
growth (a single type of bacterial growing > 10° colony-
forming units (CFU/mL)). Samples were collected
properly from midstream “clean catch”. Patients with
UTI combined with any bacteria other than E. coli were
excluded.

Macrophages secretory function assessment:

On the day of admission (before starting
ciprofloxacin treatment), all the UTI patients were
submitted to an estimation of urine levels of
proinflammatory cytokines including IL-1, IL-6, IL-12,
IL-10, and TNF during the first 48 hours after hospital
admission. Urine samples were centrifuged, washed,
buffered, and stored for 2 to 3 hours. Cytokine levels
were estimated by enzyme-linked immunoassay
(ELISA) kits (R&D Systems, Inc., Minneapolis,
Minnesota, USA). The patients were treated with
ciprofloxacin 500mg for 3 days. After 5 days of
ciprofloxacin treatment course, the patient underwent
remeasurement of urine levels of IL-1, IL-6, IL-12, IL-
10, and TNF. Both levels for all proinflammatory
cytokines at the two different time points were
compared.

Data analysis:

Data were analyzed using the statistical package for
the social sciences (SPSS version 22.0). Categorical
data were presented in numbers and percentages.
Continuous data were expressed in mean and standard
deviation. A comparison between interleukins levels
before and after ciprofloxacin treatment was done using

paired sample t-test. A P-value less than 0.05 was
considered significant and the null hypothesis was
rejected.

RESULTS

The current study included 50 patients diagnosed
with UTIs due to E. coli. The average age of the study
cohort was 31%5 years. 23 from 50 (46.0%) of the
patients were males. There was no significant difference
between males and females considering their age (p-
value = 0.092).

Macrophage secretory function:

After the fifth day of ciprofloxacin treatment course,
it has been observed that there were significant
decreases regarding proinflammatory cytokine TNF, IL-
1, and IL-6 with P-values of <0.001, <0.001, and <0.001
respectively.

On the other hand, there was a significant increase in
IL-10 levels between the studied participants with P-
value of 0.025. Besides, there was no significant
difference between before and after ciprofloxacin
treatment regarding IL-12 levels (P-value = 0.06).
(Table 1)

The baseline value of IL-1 was 6.20 pg/ml + 1.31
and it showed a significant decrease after treatment
(3.80 pg/ml = 1.48) showing the effectiveness of
ciprofloxacin treatment for UTI infection and its
relation with proinflammatory cytokines secretion after
fifth day treatment course. Similary, ciprofloxacin
treatment showed a significant decrease of IL-6 from
16.95 pg/ml £ 3.67 to 11.18 pg/ml = 3.71. TNF
decreases significantly from 15.0 pg/ml £ 6.0
pretreament to 9.02 pg/ml + 4.68 post-treatment. IL-12
values were also decrease for UTI patietns but not
significantly deacrease. IL-12 values decreased from
8.61 pg/ml £ 2.23 pretreatment to 4.44 pg/ml + 2.34
post-treatment. (Figure 1)

Interestingly, 1L-10 showed a significant increase
after treatment with ciprofloxacin treatment for UTI
patietns. It increase from 4.74 + 11.98 to 8.89 + 3.33 at
the fifth day of ciprofloxacin treatment. (Figure 1)

Table 1: Comparison between the study cohort before
and after ciprofloxacin treatment.

Parameters Baseline Post P value
treatment
IL-1, pg/ml 6.20+1.31 | 3.80+1.48 | <0.001
IL-6, pg/ml 16.95+3.67 | 11.18+3.71 | <0.001
IL-12, pg/ml | 8.61+223 | 444+234 [ 0.06
TNF, pg/ml 15.0+6.0 | 9.02+4.68 | <0.001
IL-10, pg/ml 4.74+11.98 | 8.89 +3.33 0.025

Data are presented as mean + SD; TNFa.: tumor necrosis
factor alpha; IL: interleukin.
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Figure 1. Paired sample t-test for macrophage secretory
function before and after ciprofloxacin evaluation

DISCUSSION

In the present study, we highlighted the impact of
Ciprofloxacin on the secretion of the proinflammatory
cytokine during the management of urinary tract
infection (UTI). Our findings showed a significant
reduction in the levels of TNF, IL1, and IL6. Similarly,
the level of IL-12 was decreased after the administration
of Ciprofloxacin; however, the difference was not
significant. On the other hand, there was a significant
increase in IL10 levels in the study cohort.

Many animal studies showed that some
fluoroquinolones, including  Ciprofloxacin  and
trovafloxacin, have a  protective effect in
lipopolysaccharide (LPS)-stimulated mouse by reducing
the levels of TNF-a and IL-1 and IL-6 production.®*
This effect was observed with both low (50 mg/kg) and
high (250 mg/kg) doses of Ciprofloxacin. Regarding in
vitro studies, Bailly et al.**, demonstrated that 100
pg/ml of Ciprofloxacin was enough to induce a
significant reduction in the TNF production in LPS-
stimulated human monocytes. In patients with severe
sepsis, Gogos et al.'*, showed that these patients
responded with a marked reduction in the TNF-a after
the administration of Ciprofloxacin (400 mg/twice a
day). Some investigators proposed that all
fluoroquinolones with a cyclopropyl group at the N1
position and a piperazinyl group at the C7 position, have
the same inhibitory effect on TNF-o and IL-1§
production.’*

The downregulation of IL-10, an essential anti-
inflammatory cytokine, was reported to be associated
with an exaggerated inflammatory response, as it works
to enhance the production of anti-inflammatory
cytokines and the suppression of the proinflammatory
cytokines.'®*" These both actions are key players in both

the innate and adaptive immune responses. Furthermore,
it demonstrated substantial inhibition of cytokine
synthesis by CD41 T cells, and antigen presentation
capacity, attenuating the development of Thl
immunity.® In terms of UTIs, IL-10 has a potent role in
defending the wurinary tract from UroPathogenic
Escherichia coli infection.”® In addition, the high
concentration of 1L-10 in the bladder allows the prompt
regeneration of damaged epithelia.?’

In our study, Ciprofloxacin resulted in a significant
upregulation of IL-10, which confirms its protective
role. These findings were also confirmed by the study of
Tan and his colleagues,” who reported a significant
elevation in the levels of IL-10 after the administration
of 1000 mg/mL of Ciprofloxacin. Similarly, the
upregulation of IL-10 was observed by many in vivo
and in vitro studies.™ It was reported that pre-treatment
with a dose of Ciprofloxacin decreased the level of IL-
12 and TNF, and increased the concentration of IL-10,
which results in increasing the survival rate of LPS-
stimulated mice.*? Despite the aforementioned evidence,
almost all previous studies agreed that low doses of
Ciprofloxacin enhanced the production of IL-1, IL-6,
and TNF-a by human monocytes. Therefore, the pre-
calculated dose is essential to reduce any potential
reverse effect.

Regarding the IL-6, it was known as a potential
biomarker of infection in older patients with UTI.?
Elevation of IL-6 was associated with bacteriuria or
acute cystitis.”® Azab et al.** showed that the
concentration of IL-6 in urine could be used in the
differentiation between acute pyelonephritis and lower
tract infection. Moreover, it can be used as a marker of
therapeutic response; normalization of urinary IL-6
levels is associated with the process of recovery from
the infection. Therefore, the reduction of IL-6 level in
this study indicates the impact of the Ciprofloxacin on
UTIs. In the human endothelial cell line, Galley et al.Z,
showed that application of Ciprofloxacin associated
with a significant reduction in the IL-6 accumulation
(p=0.001). Also, Gogos et al.®, reported a significant
reduction in the levels of TNF-a and IL-6 in patients
with severe sepsis caused by gram-negative bacteria
assigned to Ciprofloxacin compared with ceftazidime.

The administration of Ciprofloxacin was associated
with a significant accumulation of cAMP and the
cAMP-protein Kkinase A, resulting in activating the
intracellular protein phosphorylation and suppressing
the TNF production.”” Furthermore, Ciprofloxacin
directly induces the production of PGE2, which enhance
the expression of cyclooxygenase (COX-2) protein,
resulting in increasing the level of 1L-10.** These
mechanisms can illustrate the protective role of
Ciprofloxacin against the proinflammatory cytokines.

This study showed some limitations, including the
relatively small sample size and the single endpoint
(after five days of ciprofloxacin administration). The
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majority of studies assessed the proinflammatory
cytokines concentrations 24h, 48, and 72h after
treatment.

CONCLUSION

In  conclusion, we showed a significant
immunomodulatory effect for the Ciprofloxacin in
patients with UTIs. IL-6 can be used as a biomarker of
treatment response. 1L-10 upregulation as a result of
ciprofloxacin administration can help in suppressing the
proinflammatory cytokines. Further studies with larger
sample sizes are required to confirm the current
findings.
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