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ABSTRACT

Objective: Chronic inflammation of the urinary bladder is associated with the bladder pain syndrome. The
treatment alternatives in humans are far from satisfactory and need further attention. Well-established
preclinical models have shown that pro-inflammatory cytokines contribute to the progress of the inflam-
matory response behind pain and hyperalgesia. Previously presented results indicate that treatment with
Cernitin™ pollen extracts active pharmaceutical ingredients (APIs) (Cernitin GBX and Cernitin T60) sig-
nificantly alleviated pain in cyclophosphamide-induced urinary bladder inflammation in a rodent model
through downregulation of PGD2 and cyclooxygenase-2 (COX-2) mediators when compared to the vehicle
alone. The objective was to extend the original study by exploring the correlation between the two APIs
and cytokines expression and to identify a possible biomarker pattern.

Material and method: The Olink® Target 48 Mouse Cytokine assay was conducted on the homogenised
tissue extracts of the bladder wall with induced inflammation from a previous study to identify the poten-
tial impacts on protein biomarkers.

Results: The test revealed that treatment with the APIs significantly downregulated the cytokines inter-
leukin (IL)-1q, IL-2, IL-4, IL-6, and with trend to significance the biomarkers IL-12 a, 8, CCL4 and fibroblast
growth factor 21 when administered in combination (GBX+T60) or each component alone, compared to
vehicle controls.

Conclusion: This study identified seven cytokines that were significantly or markedly reduced. The results
suggest that Cernitin™ APIs impact a series of key pro-inflammatory biomarkers demonstrating an ability
to restrain inflammation. Therefore, they warrant further investigation as potential therapeutic candidates.
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Introduction

Interstitial cystitis (IC) is a heterogeneous group of chronic blad-
der inflammations with no primary proven infectious genesis or
other obvious underlying pathology, and is one of the impor-
tant causes of chronic bladder pain syndrome (BPS) [1, 2]. The
diagnosis of IC is based on clinical symptoms in association with
typical cystoscopic findings and characteristic pathology at
biopsy. The treatment of patients with BPS due to IC (IC/BPS) is
challenging and must be individualised. It includes dietary
advice, antihistaminic, analgesic and anti-inflammatory drugs,
instillation into the bladder of defined medicinal products (e.g.
glycosaminoglycan layer repair) and cystoscopic fulguration, all
depending on the clinical situation [3]. Clinical studies are fastid-
ious, and treatment alternatives have shown limited efficacy.
Therefore, there is a critical need for new approaches and animal
studies are essential tools to better understand the mechanisms
of action and evaluate the efficacy of different treatment
modalities.

Systemic administration of Cyclophosphamide (CYP) in a
rodent model induces an inflammatory process mimicking

human IC/BPS and has been performed by various research
groups [4-6] including ours. The model is valuable for enhancing
our understanding of the pathophysiological progression of the
disease [7].

Cernitin™ is a pollen extract including two well-defined
active pharmaceutical ingrediencies (APIs) — the water-soluble
fraction T60 and the fat-soluble fraction GBX (glycosides from
pollen extract). Cernitin™ has been used for decades as a
phytotherapeutic alternative in the management of Benign
Prostatic Hyperplasia (BPH) and of chronic non-bacterial
prostatitis (CP) associated with chronic pelvic pain (CPP),
resulting in the reduction of overall clinical symptom score,
particularly the pain domain [8].

In previous in vitro studies, we demonstrated that the APIs of
Cernitin™ significantly alleviated pain scores in induced chronic
prostatitis and in urinary bladder inflammation (cystitis) in rats
by reducing the levels of cyclooxygenase-2 (COX-2) and
monocyte chemoattractant protein (MCP-1) [6, 9]. Although
knowledge about the mechanism of action remains limited,
these results suggest that the chronic inflammatory process is a
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possible point of action of the medical product. These results
inspired us to further extend the study and explore a panel of
biomarkers that play a pivotal role in the inflammatory process
and eventually identify a pattern for improved diagnosis.

Cytokines are categorised as either pro-inflammatory or anti-
inflammatory cytokines, and the outcome of the inflammatory
process depends on the balance between their relative effects
under different microenvironments [10]. Cytokines are key
factors in initiating, modulating and maintaining inflammation
in damaged tissue, and indirectly cause pain by activating
nociceptive sensory neurons [11]

The present study aimed at evaluating the effects of
Cernitin™ APIs on biomarkers including key inflammatory
cytokines and interleukins (IL): IL-1a, IL-2, IL-4, IL-6, IL-12a,b,
Chemokine CCL4, and fibroblast growth factor 21 (FGF21), and
to discuss the findings in relation to other inflammatory
diseases.

Material and methods

The materials utilised in this study consisted of bladder wall tis-
sue homogenate extracted from adult female Sprague Dawley
rats (8 weeks old; initial body weight 235 + 35 g). These samples
were derived from a previously performed experiment [6].
Briefly after CYP-induced inflammation, as described previously
[4, 6], the animals were randomly allocated to six groups (5 ani-
mals per group). The solutions were given by gavage. Group 1
received the vehicle 1 (H,0); group 2 the vehicle 2 DMSO (dime-
thyl sulfoxide)/corn oil; group 3 the active water-soluble fraction
T60 (22.5 mg/kg) in H,0; group 4 the active fat-soluble fraction
GBX (1.2375 mg/kg) in DMSO/corn oil; group 5 the combination
T60+GBX (22.5 + 1.2375 mg/kg); and group 6: gabapentin (100
mg/kg) prepared in H,O.

The tissues were preserved in a freezer at -80°C, until use. The
preparation of homogenates was performed according to the
Olink® recommendations. Levels of proteins were determined
with the Olink® Target 48 Mouse Cytokines (Olink® Bioscience,
Uppsala, Sweden), which is a reagent kit measuring 43 well-
established protein biomarkers relevant in inflammation in
mouse (5/48 are internal controls), also shown suitable for rat
proteins [https://olink.com/products/olink-target]. Biomarkers
are listed in Supplement 1 (S1). At the same time, a Proximity
Extension Assay (PEA) technology was used according to the
manufacturer’s instructions. PEA means that a pair of
oligonucleotide-labelled antibodies bind to their respective
target protein. When the two antibodies are close to each other,
a polymerase chain reaction (PCR) is initiated which is then
quantified by real time PCR. Results were expressed as an
absolute quantification pg/mL.

Statistical analysis

The student’s t-test was used to compare the means of two inde-
pendent groups with equal variance and small sizes, expressed
as mean = SD. Due to small size in each group, an analysis of

variance (ANOVA) was added to test any difference between the
means of the independent groups. A p-value of <0.05 was
considered statistically significant and <0.08 as a statistical
trend. These are described as notable findings in the text.

Results

Of the 43 cytokines and chemokines studied, 7 showed statisti-
cally significant trends or trends toward statistically significant
reduction compared with the controls/vehicles (Table 1). The
other biomarkers were either of very low value or undetectable,
and were therefore excluded from all analyses. In general, ani-
mals treated with GBX and the combination T60+GBX showed
to be more effective than T60 alone in reducing the cytokines
levels. Figure 1A-D shows that the cytokines IL-1q, IL-2, IL-4 and
IL-6 were significantly downregulated in animals treated with
the combination T60+GBX (p < 0.02, p < 0.05, p < 0.01 and p <
0.03, respectively) and there was a tendency to decrease the
expression of IL-12a,b (p < 0.07) and CCL4 (p < 0.08) (Figure 1E).
Treatment with GBX alone significantly decreased IL-1a (p <
0.03) and CCL4 (p < 0.01), while IL-4 (p < 0.08) and IL-6 (p < 0.07)
showed a reduction trend compared to vehicle treated animals
(Figure 1C, D). Interestingly, T60 treatment significantly
decreased only the level of IL-12a,b (p < 0.05). Furthermore, gab-
apentin treatment significantly curbed IL-4 (p < 0.01) with a
trend to suppress IL-1a (p < 0.03) and IL-2 (p < 0.08) as well. But
no effects were observed on the rest of the biomarkers (Figure
1A-C). These two statistical tests gave a very close result profile,
confirming the level of statistical value.

Discussion

In a previous in vivo study using the APIs (T60 and GBX) of the
pollen extract medical product Cernitin™, we demonstrated an
anti-nociceptive effect, characterised by a significant reduction
in pain scores and a decrease in inflammatory COX-2 levels [6]. In

Table 1. Impact of treatment with the APIs of Cernitin™ on biomarkers
measured in homogenate of CYP-induced chronic bladder inflammation
from experiments made in 2022 on adult female Sprague Dawley rats [6],
using the Olink® Target 48 Mouse Cytokine assay (2025). P-values for each
cytokine/chemokine were determined as follow: T60 vs H20, GBX vs DMSO,
combined T60+GBX vs H20/DMSO, and gabapentin vs H20.

Treatment IL-1a IL-2 IL-4 IL-6 IL-12a,b CCL4 FGF21
T60 0.18 0.15 0.1 0.27 0.05 0.25 0.33
0.38 0.32 016  0.54 0.06 0.50 0.51
GBX 0.03 0.38 0.08 0.07 0.14 0.01 0.05
0.06 0.77 0.22 0.14 0.30 0.03 0.1
T60+GBX 0.02 0.05 0.01 0.03 0.07 0.08 0.14
0.05 0.07 0.05 0.03 0.15 0.17 0.28
Gabapentin  0.03 0.08 0.01 NS NS NS NS
0.02 0.08 0.02 NS NS NS NS

Values are means SD and are expressed in pg/mL, calculated with student
t-test for independent groups (upper p-value) and ANOVA (lower p-value).
Values equal or less than 0.05 (t-test) were considered as significant (green
cells) and values equal or less than 0.08 as showing a trend towards
significant (in text also called 'notably’).
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Figure 1. Graphs showing expression of cytokines in the induced urinary bladder inflammation as indicated for each biomarker. P values are presented in
Table 1.Values are means SD and are expressed in pg/mL. *Is for p < 0.05 and ** for p < 0.01.

continuation, the present study aims at assessing the impact of
the same APIs on inflammatory biomarkers. A panel of 43 bio-
markers (Olink®, Target 48-mouse) was used to measure the lev-
els in the rat bladder tissue homogenate extraction.

Results revealed that there was a significant or a trend to
significant association for seven biomarkers compared to
vehicle-treated controls. These seven proteins have a variety of
biological functions such as maintaining inflammation, growth

factors, and chemo-attractants response (Table 2). It is likely that
a single cytokine will not serve as an adequate biomarker for
either diagnosis or disease severity. Instead, panels of
inflammatory mediators may reveal more about the different
pathways of inflammation. Current investigation has highlighted
that there is a correlation between Cernitin™ treatment and
pain in animals, expressed in the significant decreased levels of
several cytokines related to inflammation.
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Table 2. Functions of each cytokine/chemokine presented in the study.

Biomarker Function References

IL-1a Ubiquitous and pivotal pro-inflammatory cytokine. IL-1a inhibitor used for treatment of various inflammations in [12]
clinical scenario

IL-2 Pleiotropic cytokine which plays a crucial role in the immune system response and cancer. Proliferation of T cells [13]

IL-4 Involved in mast cells recruitment and histamine production. The inhibition of IL-4 signalling is being evaluated for [14]
atopic dermatitis

IL-6 One of the most prominent pro-inflammatory cytokines [10]

IL-12a,b Depending on the context they have pro-inflammatory as well as anti-inflammatory functions. [15]

cCL4 A chemokine plays a pivotal role in the immune system by guiding the migration of immune cells to the site of [16]
inflammation

FGF21 Improve tissue damage resulted from inflammatory and/or immune stress state, the so-called metabolic [17]

inflammation, e.g. Diabetes type 2

Cytokines and chemokines are the most studied biomarkers;
they are widely used as predictors for diagnosis and treatments
of many conditions including some cancers and chronic
inflammatory diseases [10, 18, 19]. Although typically secreted
by immune cells, cytokines could also be produced from
epithelial cells and may locally modulate the inflammatory
response [10]. The current report is based on the cytokines
secreted locally from urothelial cells and potentially by immune
cells prevailing in the disrupted bladder wall. Given the
important role of cytokines in the inflammation process,
investigations are dedicated to developing inhibition of pro-
inflammatory cytokines as therapeutic option in acute and
chronic bladder inflammation [10]. Numerous studies have
shown that cytokines are markedly increased in both IC/BPS
patients and in experimental models [20, 21]. Here, we have
identified biomarkers that were downregulated after treatment
with Cernitin™ APIs, in line with earlier studies showing that
Cernitin™ induced anti-inflammatory effect in CP in rats mainly
through inhibition of pro-inflammatory cytokines such as
tumour necrosis factor-a (TNF-a), IL-6, and IL-1f. The result from
the present study identified Cernitin™ APIs combination to
significantly reduce IL-1a and IL-6 level in rat bladder
inflammation (Figure 1A, D). IL-1 inhibitors are used in the
treatment of several inflammatory condition. Animal study
models have demonstrated that blocking of IL-1a receptor
antagonist, anakinra, reduces the pain response in the animals
[22].

IL-6 and IL-8 are the cytokines mostly correlated to the
urological diseases, such as BPH, prostate cancer, and IC [5, 12].
Itis well established that IL-6 is a pro-inflammatory cytokine and
mediates its action through activation of signal transducer and
activator of transcription three pathway [23]. Zheng and co-
workers have shown that intervention with IL-6 receptor
antagonist (tocilizumab) led to reverse inflammation induced
by hyaluronidase perfusion in a rat model [5]. Studies showing
downregulation of IL-6 confirm the biomarker’s key role in the
control of inflammation and how curbing it could lead to
modulation of chronic inflammatory disease development and
associated symptoms alleviation.

Furthermore, the APIs’ suppression of IL-4 expression is
particularly interesting because studies have linked the
overexpression of IL-4 with the activation of mast cells and

production of histamine, that markedly aggravates the
symptoms of IC/BPS in some patients [24]. Sugaya et al. have
reported that patients with IC had some types of allergic or
autoimmune disease which was associated with overproduction
of IL-4 [25]. Besides its role in IC, IL-4 has also shown to play a
central role in pathogenesis of atopic dermatitis [14]. Atopic
dermatitis is a common chronic condition causing intense
itching and persistent eczematous lesions. The first approved
monoclonal antibody, dupilumab, which blocks IL-4Ra led to
significant improvements in patient symptoms. This observation
may suggest that the APIs could have induced the symptom
relief, reported in previous report [6], either through altered
mast cell proliferation by IL-4 downregulation or through
inhibition of degranulation and histamine release from mast
cells.

While the role of the five above-mentioned cytokines is well
documented, the role of IL-2, IL-12a,b and FGF21 is less known in
the context of bladder chronic inflammation. Results of in vivo
studies have collectively shown that IL-2 stimulate proliferation,
specifically proliferation of antigen-stimulated T cells and are
involved in cancerimmunology [13]. Reduced expression of IL-2
by Cernitin™ may have occurred through inhibition of immune
cell proliferation producing IL-2.

A hampering of IL-12a,b expression was demonstrated with
T60 treatment only. This biomarker functions as a growth factor
activating T lymphocytes and natural killer cells and induces the
secretion of IFN-g from these cells [15]. IL.-12 is a cytokine
derived from dendritic cells and mast cells, among others [26].
Increased expression of IL-12 is observed in induced bladder
inflammation in rat [20]. Our study detected a decreased levels
of IL-12a,b which may indicate that an impact on the bladder
through proliferation inhibition of immune cells. We have
previously shown that Cernitin™ APIs have an antiproliferative
effect on BPH cell lines [9].

Interestingly, FGF21 exhibits significant decrease after GBX
treatment. FGF21 is a hormone that expresses in several
metabolically active organs and its correlation to the obesity
induced inflammation has previously been reported [17]. However,
its direct action in the bladder inflammation is not known.

Chemokines CCL2, CCL4, CCL5, CCL7 have been found
significantly elevated in either urine or serum samples or bladder
tissue in patients suffering of IC/BPS [21, 27]. Numerous studies
have shown that CCL4 inhibitors significantly downregulated



adhesion and inflammation proteins in various inflammatory
diseases conditions, for example atherosclerosis [16]. However,
CCL4 inhibition in bladder inflammation has not been studied
and can become a target of interest for therapeutic intervention.
Given its role in the decreasing level of CCL4, Cernitin™ presents
a novel finding that may have new treatment implications.

The specificrole each of these cytokines playsin orchestrating
the anti-inflammatory and pain action remains unclear. The
results taken together suggest nonetheless that a characteristic
pattern of several different cytokines might be identified and
that eventually could improve the diagnostic and follow-up
possibilities of IC/BPS.

Pain is a hallmark of inflammation, and inflammatory induced
pain is a major clinical issue in many clinical disorders including
both urological conditions IC/BPS and CP/CPP.Cyclooxygenase-2
(COX-2) is a key enzyme that synthesises prostaglandins PGE2
[28], which, in turn, sensitises peripheral nociceptive nerves and
neuropathic pain through its receptors [29]. Acting on this level
by reducing the COX-2 level by means of pro-inflammatory
cytokine modulation, Cernitin™ could hypothetically offer a
protective role against bladder wall damage. Theoretically, this
effect could also be the mechanism explaining the clinical
improvement on both overall symptom score and, especially,
the pain domain in CP. Combining this effect with the anti-
proliferative effect on prostatic cell lines, as shown previously
[9], a double impact on BPH could explain a score reduction in
the urological domain as well.

Gabapentin, a pain relief medicine, was used in a comparative
arm as an established drug for treatment of for example pelvic
pain. Gabapentin was shown in this study to reduce levels of
IL-1a, IL-2 and IL-4, which has also been shown in intestinal
inflammation for IL-1f3 [30].

There are limitations to consider in this study. Firstly, the
absence of homogenate tissue unexposed to CYP-inflammation
induction as baseline controls. The reason being that the original
study followed the validated model design and protocol [4, 6].
However, it is relevant to mention that in an early study during
the development of the model, CYP-inflammation induced
animal tissues were compared to a saline group. As for the
biomarkers, the CYP-groups showed a significant elevation of
IL-1B, IL-6, and MCP-1, not found in the saline group [31].
Secondly, detecting very low levels of the different cytokinesis a
challenge, considering also the biomarkers secretory dynamic
and their short half-lives. By using the Olink® assay we were,
nonetheless, able to detect seven interesting inflammatory
biomarkers on which the APIs treatment impacted beneficially
compared to control animals receiving the vehicles alone.
Thirdly, the small number of animals in each group which,
among others, is reflected by the wide variation in standard
deviation and the observation of borderline statistical values for
some of the cytokines. However, we found a consistency in the
statistical analysis that confirmed the aim of the study to detect
useful biomarkers for diagnosis and follow-up even in benign
urological conditions and serves as an encouragement for
further investigations in the same direction [32].
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Conclusion

Correlation analysis between biomarker levels and Cernitin™
APIs in animals with CYP-induced bladder inflammation showed
that the combination of the fractions GBX and T60 was signifi-
cantly or noticeably (trend to significance) associated with
downregulation of several important inflammatory biomarkers
including IL-1q, IL-2, IL-4, IL-6, IL-12a, IL-12b, CCL4, and FGF21.
The fraction GBX was superior to the T60 fraction alone, while
the combination of the two APIs gave additive effect. Results
from the current data suggest that Cernitin™ might be a candi-
date inhibitor of pro-inflammatory cytokines to relieve the
inflammatory process and by extension the related pain symp-
toms. However, whether it can be translated to clinical use in
patients suffering from IC/BPS remains to be further
investigated.
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