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Abstract

Introduction: Acute lower uncomplicated urinary tract in-
fection (uUTI) affects a large proportion of women. Increased
antimicrobial resistance has created an urgent need for
novel therapeutics and the phytotherapeutic drug BNO
1045 (Canephron® N) has previously been shown to be
noninferior to standard antimicrobial stewardship. This
sub-analysis from a randomized, double-blind, controlled
phase lll noninferiority clinical trial using BNO 1045 versus
fosfomycin to treat uUTl aimed to determine how urine
cytokine levels are altered by the two different treatments.
Methods: Urine samples from a predefined subset of women
diagnosed with uUTI (18-70 years) and treated with BNO
1045 (n = 58) or fosfomycin (n = 69) were analyzed for urine
levels of IL-6 and IL-8, using analyte-to-creatinine ratios.
Results: BNO 1045 treatment showed similar effects to
fosfomycin treatment in reducing both urine IL-6 and IL-8
levels. Mean IL-6 and IL-8 levels were markedly reduced in all
patients regardless of treatment. BNO 1045 treatment de-
creased urine IL-8 significantly (p = 0.0142) and showed a
trend toward reduction of urine IL-6 (p = 0.0551). Fosfomycin

treatment reduced both IL-6 and IL-8 levels significantly (p =
0.0038, <0.0001 respectively). Conclusion: BNO 1045 is, in
addition to reducing symptoms, comparable to fosfomycin
treatment in reducing the local inflammatory response

associated with uUTI. © 2023 The Author(s).
Published by S. Karger AG, Basel

Introduction

According to current guidelines, antimicrobials are the
gold standard treatment for urinary tract infections, and
their efficacy has been shown in several clinical trials [1,
2]. However, since antimicrobials have several adverse
effects on the normal flora and contribute to the growing
problem with antimicrobial resistance, it is important to
use antimicrobials sparsely and use nonantibiotic alter-
natives whenever possible. Acute lower uncomplicated
urinary tract infections (uUTIs) are often self-limiting
infections and thus prescription of antimicrobials may
often not be necessary [3]. In addition, several clinical
trials indicate high efficacy of alternative therapies, e.g.,
anti-inflammatory drugs [1, 2, 4, 5]. Consequently, it has
been proposed that symptom relief by ameliorating the
inflammatory host response should be the primary
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outcome of uUTI management as the bacteria are often
cleared without antimicrobial intervention [6]. If bacter-
iuria should persist post-treatment, it may lead to asymp-
tomatic bacteriuria, which is considered harmless and
may serve as a protective carrier state against recurrent
infections [7, 8].

During uUTI, several cytokines and chemokines that
influence the inflammatory state of the urinary bladder
are triggered, including interleukin (IL)-8 and IL-6. IL-8
is a neutrophil chemoattractant that leads to the recruit-
ment and infiltration of neutrophils to the site of infection
(pyuria) which is paralleled by increased urine IL-8 levels
[9, 10]. IL-6 is an acute phase reactant and a pyrogen that
is considered to reflect more severe infection with tissue
engagement [11-14]. Previous studies have discussed that
triggered urine IL-6 levels may be used as a predictive
biomarker for a more severe course of cystitis or the
development of pyelonephritis [13].

Recently, a large randomized clinical trial (RCT)
showed a significant reduction of uUTI symptoms by
BNO 1045 with effects comparable to the antimicrobial
substance fosfomycin [15]. BNO 1045 (Canephron® N) is
a phytotherapeutic drug containing centaury herb (Cen-
taurium erythraea Rafn, herba), lovage root (Levisticum
officinale Koch, radix), and rosemary leaf (Rosmarinus
officinalis Linné, folium) that has been approved as a
remedy to treat uUTI in over 31 countries. BNO 1045 is
known to have “multi-target” effects including spasmo-
lytic, diuretic, anti-oxidative, anti-adhesive, anti-
inflammatory, and anti-nociceptive effects [16-20]. As
preclinical data indicate an inhibitory influence of BNO
1045 on pro-inflammatory mediators [19], we investi-
gated how BNO 1045 affects urine IL-6 and IL-8 levels
and compared it to patients treated with convential
fosfomycin treatment.

Materials and Methods

Patients and Study Design

In a RCT with 659 female patients, BNO 1045 was shown to be
noninferior to fosfomycin regarding efficacy in the treatment of
uUTT using a noninferiority margin of 15% [15]. The present
explorative study investigated the local host response from a
predefined subset of patients (n = 154). The study sites included
in this explorative study needed to fulfill appropriate urine storage
facilities (—80°C freezer) and had to be located in Germany or
Poland, as shipment of samples from Ukraine was not possible due
to customs’ requirements. In total, patients and samples from 88
patients from Germany and 66 patients from Poland took part in
this explorative sub-study. Patient urine samples were collected on
day 1 (visit 1, baseline which means start of treatment) and on day
8 (visit 3, end of treatment). Symptom scoring was recorded
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according to the Acute Cystitis Symptom Score (ACSS) question-
naire [21, 22]. At both visits, urine samples were analyzed for urine
IL-6, IL-8, as well as bacterial growth. Patients with missing data of
any parameter (e.g., urine culture, urinary cytokines, symptom
scoring) were excluded from the analysis (n = 24). Two further
patients were excluded due to baseline data not compatible with
uUTI, and 1 patient had host response data suspicious of un-
specified concomitant systemic inflammation. A total of 127
patients were evaluable, 58 patients in the BNO 1045, and 69
patients in the fosfomycin study arms. Patient characteristics and
findings at baseline are described in Table 1.

Urine Sampling

Four urine samples (approximately 4 mL) were obtained at visit
1 and visit 3 for analysis of inflammatory parameters and were
shipped frozen (-80°C) to the central laboratory MLM Medical
Labs (Monchengladbach). IL-6 and IL-8 were quantified by multi-
array approach (i.e., Meso Scale Discovery technology) and nor-
malized to urine creatinine levels to avoid biased values due to
differences in urine dilutions. Bacterial counts were evaluated
categorically (colony-forming units per mL of urine of <103,
103, 104, 10°, 10°, or >10°).

Statistics

SAS™ 9.4 (SAS Institute 2010) was used for statistical analysis
and graphical presentations of results. Wilcoxon matched-pairs
signed-rank test was used for paired comparisons and the Mann-
Whitney U test for group-wise comparisons. Fisher’s exact test was
used for comparison of frequencies. A p value <0.05 was consid-
ered significant. All analyses are based on all patients with evalu-
able data in the respective variable. In order to analyze the linear
relation between symptom severity and cytokine concentration in
urine, Pearson’s correlation coefficients were calculated.

Results

To analyze the comparability of the treatment groups,
we first investigated whether baseline characteristics were
equal between the two study arms (Table 1). No obvious
differences were observed between the two treatment
arms of our subset of patients. In addition, there were
no differences for either urine IL-6 or IL-8, and there were
no detectable differences in symptom scores nor bacterial
burden at baseline.

In line with previous studies of host responses in uUT],
patients had elevated urine IL-6 and IL-8 levels at enroll-
ment. In a combined analysis of the two study arms,
treatment resulted in a highly significant reduction of
urine cytokine concentrations (Fig. 1, 2). When analyzed
separately, both treatments caused a reduction of urine
IL-8 and IL-6 levels (BNO 1045 study arm, p = 0.0142 and
0.0551, respectively; fosfomycin study arm, p < 0.0001
and 0.0038, respectively). These results indicate that both
BNO 1045 and fosfomycin treatment reduce the inflam-
matory response during uUTI.
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Table 1. Patient characteristics

Characteristic Category BNO 1045 FT Total
(N = 58) (N = 69) (N =127)
Age, years Mean (SD) 40.6 (14.40) 42.8 (14.70) 41.8 (14.55)
Median (range) 40.5 (18-70) 47.0 (18-68) 43.0 (18-70)
Race, n (%) Caucasian 55 (94.8) 68 (98.6) 123 (96.9)
Other® 3(5.2) 1(1.4) 4 (3.1)
Weight, kg Mean (SD) 72.3 (19.37) 69.9 (15.58) 71.0 (17.39)
Median (range) 68.4 (46-147) 67.0 (47-126) 68.0 (46-147)
Height, cm Mean (SD) 165.8 (6.59) 164.9 (5.91) 165.3 (6.22)
Median (range) 165.5 (150-184) 164.8 (149-184) 165.0 (149-184)
Smoking status, n (%) Smoker 17 (29.3) 12 (17.4) 29 (22.8)
Nonsmoker 36 (62.1) 7 (68.1) 84 (65.4)
Ex-smoker 5 (8.6) 0 (14.5) 15 (11.8)
Urine culture test, CFU/mL (%) <103 9 (15.5) 0 (14.5) 9 (15.0)
103 19 (32.8) 1 (30.4) 40 (31.5)
104 11 (19.0) 4(20.3) 25 (19.7)
10° 8 (13.8) (15.9) 9 (15.0)
108 8 (13.8) (15.9) 9 (15.0)
>1068 3 (5.2) 2 (2.9 (3 9)
Menopausal status, n (%) Pre-menopausal 48 (82.81) 50 (72.5) 8 (77.2)
Post-menopausal 10 (17.2) 9 (27.5) 29 (22.8)
Sexual activity, n (%) Not active 17 (29.3) 0 (29.0) 7 (29.1)
Active 41 (70.7) 9 (71.0) 90 (70.9)
Childbearing potential Yes 42 (72.4) 4 (63.8) 6 (67.7)
No 16 (27.6) 25 (36.2) 41 (32.3)
IL-6, ng/g urine creatinine Mean (SD) 5.48 (14.70) 4,66 (11.44) 5.04 (12.99)
Median (range) 0.75 (0.13-81.17) 0.78 (0.09-68.46) 0.77 (0.09-81.17)
IL-8, ng/g urine creatinine Mean (SD) 625.8 (1,061.5) 691.8 (1,095.58) 661.6 (1,076.4)
Median (range) 133.8 (10.1-4,724.0) 267.2 (12.5-6,206.5) 204.0 (10.1-6,206.5)
ACSS - sum score of typical domain  Mean (SD) 11.0 (2.06) 11.0 (2.15) 11.0 (2.10)

Median (range)

11 (7-16)

11 (6-16) 11 (6-16)

FT, fosfomycin trometamol; FAS, full analysis set; N, number of patients in treatment group; n, number of patients with data; %,
percentage based on N. 2Grouped into one category for data protection reasons.

Since eligible patients for the study had a sum score of >6
for the three main symptoms (dysuria, pollakisuria, ur-
gency) reported on the ACSS typical domain, we analyzed
whether the severity of symptoms, as determined by the
sum score of the six typical symptoms at baseline and end
of treatment, correlated with the amount of urine cytokine
concentrations (Fig. 3, 4). Only a weak linear correlation
between urine cytokine concentrations and the sum scores
of the typical domain of the ACSS could be observed (IL-
6 = Pearson’s rho: 0.1600 and IL-8 = Pearson’s rho: 0.2858);
however, both were statistically significant.

Discussion/Conclusion

BNO 1045 treatment has been shown to be noninferior to
fosfomycin treatment using a 15% noninferiority margin
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[15]. 83.5% of patients receiving BNO 1045 did not need
additional antibiotic prescription during an extended time
period and the adverse events were few and similar in both
groups [15]. These data was confirmed by a recently pub-
lished real-world data study demonstrating that BNO 1045
treatment was not only associated with reduced additional
antibiotic prescriptions within 31-365 days after diagnosis
but also with significantly fewer recurrences of UTIs [21].

Infection of the urinary bladder triggers a substantial
inflammatory host response, including the cytokines
IL-6, a well-known acute phase reactant and pyrogen,
and IL-8, a neutrophil chemoattractant. Both, urine IL-
6 and IL-8 levels increase dramatically within hours of
infection during uUTTs [22, 23] and IL-6 is a biomarker
that can differentiate UTI severity [14]. Both cytokines
promote inflammation, which in turn leads to sensiti-
zation of sensory neurons and thereby contributes to
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symptoms such as dysuria, pollakisuria, and urgency
[24]. In the present study, urinary IL-6 and IL-8 were
analyzed on day 1 (visit 1; before treatment) and on day
8 (visit 3; end of treatment) in a subgroup of patients
who fulfilled the same inclusion/exclusion criteria (e.g.,
ACSS sum score >6 for the three main uUTI symptoms
dysuria, pollakisuria, and urgency) as the entire study
population to elucidate the previously reported clinical
efficacy of BNO 1045.

Analysis of the baseline values for urine IL-6 and IL-8 as
well as for symptom scoring or bacterial burden at baseline
revealed no differences. In both groups, treatment with
either BNO 1045 or fosfomycin reduced the inflammatory
host response, i.e., urine IL-6 and IL-8, which is in line with
preclinical data showing inhibitory effects on cytokine
release [19]. The reduction of urinary cytokines, as observed
in this study, provides at least in part an explanation for the
clinical efficacy [15] and effectiveness [21] of BNO 1045. In
addition, the fosfomycin study arm could be employed as a
control for the effects of standard treatment practice. In-
fection triggered a local host response as expected in
symptomatic patients, which was followed by a reduction

BNO 1045 Therapy Limits Local
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to a normalized response after treatment. We thereby
demonstrated that BNO 1045 treatment, in addition to
symptom relief, was approximately similar to fosfomycin
treatment in reducing inflammatory responses. This con-
clusion is supported by the decrease of IL-8, which showed a
statistically significant decrease in both treatment groups.
These results also suggest a diminished neutrophil response,
which are known to be the main driver of inflammation
during bladder infection [25]. For IL-6, the decrease was
statistically significant in the fosfomycin treatment arm
while the decrease under BNO 1045 treatment did not
reach statistical significance, indicating that there are po-
tential different mechanisms of protection of the two drugs.

Besides promoting inflammation, urinary cytokines might
also provide an objective and simple measure of uUTI
symptom severity. To establish whether IL-6 and IL-8 qualify
as such, linear correlation between symptom severity and
cytokine concentration was analyzed. Based on this patient
subgroup, a correlation of the cytokines IL-6 or IL-8 and the
severity of the symptoms, measured as sum score of the
typical domain of ACSS, could not be detected. There was
however a statistically significant but weak correlation
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between these parameters. A possible explanation for this
could be that the dynamics of the host response and
symptoms follow different time courses. To test this hypoth-
esis, more time points in addition to the available ones (day 1
and 8) might be necessary in addressing this hypothesis.
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Thus, limitations of the present study do exist, the
most prominent one being that a placebo arm of the trial
is missing. As previously mentioned, uUTIs are often self-
limiting and may resolve independently of the respective
treatment, and a placebo-controlled RCT is warranted. It
has been estimated that approximately 30% of patients
receiving placebo treatment have a rapid clinical im-
provement [26]; however, no data exist whether there
are any effects on epithelial/urothelial host responses. IL-
6 and IL-8 are supposed to be biomarkers of uUTI
severity, yet in vitro and in vivo studies suggest that
other cytokines including IL-1B and IL-17 may be key
drivers of UTI pathogenesis and therefore should serve as
additional read-outs for further studies investigating the
pathophysiology of uUTI and treatment efficacy of BNO
1045 [27, 28].

Conclusion

In conclusion, the data from this study confirm the
published efficacy and effectiveness of BNO 1045 in the
treatment of uUTI and indicate that anti-inflammatory
effects of BNO 1045 observed in vitro are clinically relevant
regarding symptom relief in patients suffering from uUTTI.
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