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ABSTRACT

Bladder cancer (BC) is a very common tumor. It is categorized into non muscle-invasive, muscle-invasive, and metastatic bladder
cancer according to many guidelines. Radiotherapy (RT) is a modality used in the management of bladder tumors, and as a
consequence of this modality, a range of adverse events may affect the patients that might be devastating to the quality of life.
Radiation cystitis is a term describes those adverse events ranging from increased incidence of lower urinary tract symptoms (LUTS)
and UTls, to the development of fibrosis and tumor recurrence. Proanthocyanidins (PACs) from American cranberry had been
credited for their anti-inflammatory and anti-oxidant properties, so it was rational to test the radioprotective effects of PACs in
patients with bladder cancer undergoing RT for 6 weeks duration. The patients were allocated into cranberry group and placebo
group, randomly. The LUTS (urinary frequency, nocturia, and urgency) were taken on weekly bases from each patient. Data of
urinalysis (pyuria and hematuria), inflammatory markers (TNF-a and IL-8 serum levels), and oxidative stress parameters (SOD1 and
TAC serum levels) were assessed before and at the end of RT course. It was obvious that PACs significantly reduced the incidence of
LUTS (P<0.05) and the serum levels of TNF-a, IL-8; significantly elevated SOD1 serum level (P<0.05), and maintained TAC serum level
(P>0.05) in cranberry group patients at the end of RT, when compared to the placebo group patients who suffered from more
significant pyuria and hematuria (P<0.05). This study suggests that PACs can reduce the incidence of acute adverse events (LUTS)

and may play a positive role in reducing the late adverse events (fibrosis) of radiation cystitis.
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INTRODUCTION

ladder cancer (BC) is one of the most common

malignancy in the urinary tract. It can be divided

into three main categories; non muscle-invasive
bladder cancer (NMIBC), muscle-invasive bladder cancer
(MIBC), and metastatic tumor.’The most useful staging
system for BC is the tumor, node, and metastasis system
(TNM).

It gives a precise and simultaneous description of the
primary stage (T stage), the status of lymph nodes (N
stage) and metastatic sites (M stage).3 According to the
TNM, stages Tis, Ta, and T1 are NMIBC; while stages T2
and above are MIBC.*

The three categories of BC differ in their management
approaches.2 For MIBC, the recommended treatment is
radical cystectomy, especially for resectable (T2-T4a)
tumor stages.”

Bladder sparing approaches include transurethral
resection of bladder tumor (TURBT) alone, TURBT
followed by chemotherapy alone, radiotherapy (RT)
alone, or a combination of the three approaches
(multimodality bladder-preserving approach or trimodal
therapy). These approaches are reasonable for patients
unfit for surgery and those seeking alternatives for radical
cystectomy. Patients within the categories of T2-T3a

urothelial carcinomas may be considered for bladder-
sparing approaches.”

When the bladder is exposed to radiation during RT for
pelvic tumors, a series of histopathological changes are
induced that in turn have clinical consequences. In
addition to the increased micturition urgency, nocturia,
frequency during day time, and dysuria, the appearance
of hematuria of highly variable intensity represents one
of the most complex complications.” These
histopathological changes occur in two phases: acute and
chronic. The acute phase is observed during the
treatment until 6 months after treatment.® The chronic
phase begins 6 months after RT. The effect of radiation
upon the bladder may lead to ischemia, which leads to
changes at vascular and muscle level. Vascular
endothelial damage causes hyperplasia, occlusion and
perivascular fibrosis.” Radiation is rarely used in
combination with radical cystectomy, so most of the
radiation-induced urinary adverse events with respect to
bladder cancer come from the bladder conservation
literature using trimodal therapy. One of the most
common acute radiation-induced adverse events is
transient cystitis.9

American cranberry (Vaccinium macrocarpon) contains
many polyphenols, which have been associated in vitro
with antibacterial, antiviral, antimutagenic,
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anticarcinogenic, antiangiogenic, anti-inflammatory, and
antioxidant properties.” In vivo, animal models reveal
that cranberry extracts reduce C-reactive protein (CRP)
and pro-inflammatory interleukins, increase nitric oxide
. . .. . 11
synthesis, and suppress Helicobacter pylori infection.

Proanthocynidins (PACs) extracts from American
cranberry exert their anti-oxidant effect through free
radical scavenging property and metal chelating activity.
The scavenging capacity of PACs depends on the high
ability to donate hydrogen, and it is related to the great
number of hydroxyl groups on the flavonoid nucleus. The
electronic configuration of PACs allows for easy release of
electrons from electron donating-OH groups (attached to
the aromatic rings in PAC) to free radical species,
however; the hydrogen atom is more readily to be
abstracted."

Iron and copper existence in the free-state in biological
systems catalyzes free radical reactions, like in the Fenton
reaction when iron catalyzes the generation of hydroxyl
radicals. PACs have the ability to bind such metals
effectively, reduce their concentrations and thus the
extent of oxidative activity.13 The purpose of this study
was to evaluate the effects of cranberry-PACs in reducing
lower urinary tract symptoms, the inflammatory, and
oxidative stress responses in patients with bladder
carcinoma undergoing radiotherapy.

SUBJECTS AND METHODS

Forty five patients with MIBC of stages T2-T3 (eligible for
RT with a total dose of 64 Gy) with age range of 60-70
years were randomly allocated into two groups:
cranberry group and placebo group.

Twenty two patients (16 males/ 6 females) were taking
two tablets per day of 36 mg pure PACs extracted from
American cranberry according to the American extraction
method (Urinal Akut’, by Walmark) during the course of
RT (6 weeks) and 23 patients (17 males/ 6 females) were
administered two placebo capsule per day of 500 mg
pure lactose for the same duration as with cranberry
group patients. All the patients were adjusted to drink 2 —
3 L water/day.

Certain exclusion criteria were adopted in order to
exclude any expected interference with the aim of study,
these were: cranberry allergy, UTls and/or severe lower
urinary tract symptoms (LUTS) at baseline and those
having urethral catheterization during or around the
course of RT, a history of pelvic RT, prostate and other
pelvic malignancy or patients with MIBC stages T4a and
T4b, patients taking or have been taken chemotherapy
within the previous three months before the study,
diabetes, neurogenic bladder, history of renal
dysfunction, severe macrohematuria, irritable bowel
syndrome, patients using medications like non-steroidal
anti-inflammatory  drugs (NSAIDs), corticosteroids,
antibiotics, antispasmodics and other analgesics, and
those on warfarin therapy.
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Only 40 patients (30 males/10 females) completed the
study, the other 5 were excluded from the study, 2
females from the cranberry group due to incompliance
with cranberry-PACs tablets, and 3 males from the
placebo group due to the development of UTI approved
by urine culture at the 3rd week of RT.

These patients were diagnosed and treated in the
Oncology Teaching Hospital/Medical City
Directorate/Baghdad, under supervision of specialist
doctors after achieving ethical committee approval and
taking patients oral consent, during the period from
November 2014 to April 2016.

Any patient planned to have radiotherapy course were
given a simulation appointment, in which the radiation
dosage/fraction set were assigned using 3-dimention
helical CT-scan.

Radiotherapy was exposed in a supine position after
emptying the bladder and performed using
comprehensive image-guided radiation therapy system
(Linear accelerator or Linac)/Volumetric Modulated Arc
Therapy (VMAT) with three-dimensional radiation
therapy techniques (Elekta, Infinity™).

Each patient was requested to fill a daily diary card to
record the number of urinations during day time
(frequency) and number of urinations after sleeping
(nocturia) which is assessed on weekly bases along with a
weekly assessment for the sudden desire to pass urine
(urgency) using the patient’s perception of the intensity
of urgency scale (PPIUS)14 that gives urgency a scale from
0-5 in intensity.

Urine and blood samples were collected from each
patient at baseline and after 6 weeks of RT to assess
pyuria, hematuria, tumor necrosis factor-alpha (TNF-a),
interleukin-8 (IL-8), Cu/Zn superoxide dismutase (SOD1)
and total antioxidant capacity (TAC) before and after RT.

Demographic and baseline characteristics (age, sex,
smoking and family history for bladder cancer, and T-
stage within TNM system) were evenly distributed for
both cranberry and placebo groups at the baseline level.

Urine for urinalysis was centrifuged at 3000 rpm in order
to get the supernatant ready for microscopical assay and
the rest of urine was cultured to check for any bacterial
growth, while blood samples were placed in EDTA-free
tube to be centrifuged for 10 minutes at 3000 rpm, serum
was then divided into several eppendorf tubes and kept
frozen at -40°C until the time of assay.

The TNF-a, IL-8, and SOD1 serum levels were measured
by enzyme linked immunosorbent assay (ELISA) kits from
CUSABIO, Chinals'”, while serum TAC was assessed by
the colorimetric assay kit from Biovision, USA.™
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Statistical Analysis

The results were expressed as mean + standard error of
mean (SEM) or fractions. Student’s t-tests (both the
pooled and paired tests) were used to analyze most of
the parameters.

Test of ANOVA was used to analyze LUTS of weekly
means. P-values < 0.05 were considered significant.

Microsoft” Excel software program (2010) and Minitab”
statistical software were used for statistical analysis.

RESULTS

Effects of cranberry-PACs on lower urinary tract
symptoms (LUTS)

There was no significant difference (P>0.05) between the
two groups at baseline regarding frequency and nocturia,
while the baseline level of urinary urgency in the
cranberry group was significantly higher (P<0.05) than
that of the placebo group.

At the end of the study, the three parameters were
significantly reduced (P<0.05) from baseline in the
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cranberry group. In the placebo group, there were
significant elevations (P<0.05) at the end of RT in those
parameters from baseline.

When comparing the two groups at the end of the study,
the LUTS in the placebo were significantly higher (P<0.05)
than those in the cranberry group (Table 1).

The weekly mean changes of LUTS throughout treatment
with both groups are clarified in Fig 1.

Effects of cranberry-PACs on urinalysis parameters
(pyuria and hematuria)

At baseline, there was no significant difference (P>0.05)
between the two groups regarding the two parameters of
urinalysis (pyuria and hematuria). After RT, these two
parameters were significantly elevated (P<0.05) in the
placebo group.

In the cranberry group, the elevation in these parameters
was consider significantly lower (P<0.05) than those of
the placebo group (Table 2, Fig. 2).

Table 1: Mean Changes of LUTS for both Treatment Groups

Cranberry Group (n=20) Placebo Group (n=20)

LUTS
Parameters
Pre-treat Post-treat Post/Pre Pre-treat Post-treat Post/Pre
Frequency 8.556+0.28° 7.080+0.14" 0.82 9.305+0.35° 14.485+0.17° 1.55
Nocturia 1.421+0.067° 1.176+0.024"* 0.82 1.522+0.057° 2.398+0.080° 1.57
Urgency 2.200+0.19°* 1.155+0.14%* 0.52 1.200+0.16° 3.500+0.14° 2.91

Data are expressed as mean + SEM; Non-identical (a, b) superscripts indicate a significant difference within the group (P<0.05);
Superscript (*) indicates significant difference compared with placebo group (P<0.05)

Table 2: Mean Changes of Pyuria (WBCs/HPF) and Hematuria (RBCs/HPF) for both Treatment Groups

Cranberry Group (n=20) Placebo Group (n=20)

Urinalysis Parameters
(Cells/HPF)

Pre-treat Post-treat Post/Pre Pre-treat Post-treat Post/Pre
Pyuria 4.00+0.56° 11.15+1.1° 2.78 4.70+0.56° 57.30+4.7° 12.19
Hematuria 1.85+0.39° 8.15+0.80%* 4.40 2.000.47° 33.75+2.60" 16.87

Data are expressed as mean + SEM; Non-identical (a, b) superscripts indicate a significant difference within the group (P<0.05);
Superscript (*) indicates significant difference compared with placebo group (P<0.05)

Table 3: Mean Serum Levels of TNF-a and IL-8 (pg/mL) for both Treatment Groups

Cranberry Group (n=20) Placebo Group (n=20)

Inflammatory
el Pre-treat Post-treat Post/Pre Pre-treat Post-treat Post/Pre
TNF-a (pg/ml) 105.38+9.23° 44.30+4.20°* 0.42 114.30+15.40° 408.70%36.60° 3.57
IL-8 (pg/ml) 66.5145.67° 34.77+1.76" 0.52 63.40+6.00° 386.50+22.30" 6.09

Data are expressed as mean + SEM; Non-identical (a, b) superscripts indicate a significant difference within the group (P<0.05);
Superscript (*) indicates significant difference compared with placebo group (P<0.05)
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Table 4: Mean Serum Levels of SOD1 (ng/mL) and TAC (nmol/uL) for both Treatment Groups

Cranberry Group (n=20)

Placebo Group (n=20)

Oxidative
S LR T Pre-treat Post-treat Post/Pre Pre-treat Post-treat Post/Pre
SOD1 (ng/ml) 0.789+0.078° 1.055+0.077°* 1.33 0.878+0.062° 0.616+0.066" 0.70
TAC (nmol/nl) 7.095+0.082°* 7.102+0.077°* 1.00 7.834+0.101° 7.062+0.104° 0.90
Data are expressed as mean + SEM
Non-identical (a, b) superscripts indicate a significant difference within the group (P<0.05)
Superscript (*) indicates significant difference compared with placebo group (P<0.05)
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Figure 1: Weekly Mean Changes of LUTS during the
Treatment for both Groups (p<0.05).
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Figure 3: Mean serum levels of TNF-a and IL-8 (pg/mL) for
both treatment groups. Non-identical (a, b) superscripts
indicate a significant difference within the group (P<0.05).
Superscript (*) indicates significant difference compared
with placebo group (P<0.05).
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Figure 2: Mean changes of pyuria (WBCs/HPF) and
hematuria (RBCs/HPF) for both treatment groups. Non-
identical (a, b) superscripts indicate a significant
difference within the group (P<0.05). Superscript (*)
indicates significant difference compared with placebo
group (P<0.05).
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Figure 4: Mean serum levels of SOD1 (ng/mL) and TAC
(nmol/uL) for both treatment groups. Non-identical (a, b)
superscripts indicate a significant difference within the
group (P<0.05). Superscript (*) indicates significant
difference compared with placebo group (P<0.05).
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Effects of cranberry-PACs on inflammatory markers
(TNF-a and IL-8)

A significant elevation in the mean TNF-a and IL-8 serum
levels of the placebo group was observed at the end of
treatment when compared to the baseline level (P<0.05),
whereas the mean TNF-a and IL-8 serum levels of the
cranberry group at the end of the treatment were
reduced significantly (P<0.05) from that at baseline.
When compared to the mean TNF-a and IL-8 serum levels
of the placebo group at baseline, the mean TNF-a and IL-
8 serum levels of the cranberry group were not
significantly differ (P>0.05). Meanwhile, the mean TNF-a
and IL-8 serum levels of the cranberry group were
significantly lower (P<0.05) than that of the placebo
group at the end of the RT (Table 3, Fig. 3).

Effects of cranberry-PACs on oxidative stress markers
(SOD1 and TAC)

The mean SOD1 serum level of the placebo group at the
end of the treatment was reduced significantly (P<0.05)
from that at baseline, while significant elevation (P<0.05)
in the mean SOD1 serum level of the cranberry group was
observed at the end of treatment when compared to that
at baseline. When compared to the mean SOD1 serum
level of the placebo group at baseline, the mean SOD1
serum level of the cranberry group was not significantly
differ (P>0.05). Meanwhile, the mean SOD1 serum level
of the cranberry group was significantly higher (P<0.05)
than that of the placebo group at the end of the RT (Table
4, Fig. 4).

In the placebo group, a significant reduction (P<0.05) was
observed in the mean serum level of TAC at the end of RT
when compared to that at baseline. In the cranberry
group, there was no significant elevation (P>0.05) in the
mean serum level of TAC at the end of the treatment
when compared to that of baseline level. When
comparing the two groups, the baseline mean serum level
of TAC for the cranberry group was significantly lower
(P<0.05) than that of the placebo group. On the other
hand, the mean serum level of TAC for the cranberry
group at the end of the treatment was significantly higher
(P<0.05) than that of the placebo group (Table 4, Fig. 4).

DISCUSSION

The LUTS in patients with BC may present before
treatment with curative doses of radiotherapy and can be
exacerbated by the treatment. In addition, acute LUTS
may develop during RT course of treatment (bladder
toxicity).

These symptoms may range from increased frequency,
nocturia, urgency, to the development of UTls;
collectively can be defined as radiation cystitis.19

Because these symptoms are linked to the stage of the
tumor’®®!, this study excluded any patient with a stage
that involve any area in the bladder neck or the prostate
(T4 and above stages) that might hinder bladder urinary
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flow in order to rule out the variation between the
patients in their baseline urinary symptoms (frequency,
nocturia, and urgency) and trying to concentrate on the
effects of RT in increasing the incidence of these LUTS.
This approach was consistent with older studies excluded
patients with LUTS at the baseline that might severely
affect the recruitment criteria for those studies™**%?.
Also, any patient having these criteria but presented with
baseline UTI was excluded.

In order to limit the variation between the patients of
both groups, all the patients were advised to drink 2-3
liters of water per day to avoid any difference between
the patients regarding the development of urinary
symptoms. Previous study tried different hydration
regimen with inconclusive result about the most effective
regimen in reducing urinary symptoms.23

The difference of the present study from the previous
trials was derived from these selection criteria for the
patients, as it focused on MIBC patients and specifically
grades of T2 and T3 with their subgroups when the tumor
is available in the muscular layer of the bladder and away
from the involvement of bladder neck, prostate, and the
adjacent organs. These highly restricted criteria were
tailored in order to rule out any contribution to the
increased incidence of LUTS, radiation cystitis, and UTIs
due to reasons other than curative RT. In such a way, one
can judge the effects of PACs in reducing these adverse
events more reliably and logically.

Severe acute bladder toxicity is not so common with the
use of new techniques of RT (IMRT and 3D image-guided
RT), but it is still an important concern because it can lead
to insufficient radiation dose delivery to the tumor." For
this reason, this study was interested to maximize the
benefit from RT concomitantly with reducing the acute
and late radiation adverse events to increase patients’
compliance with the treatment protocols and finally
increasing their quality of life (QoL).

More specifically, acute LUTS usually present within the
2" and 3™ week of RT, these also include increased
hematuria, pyuria and UTIs.” Radiation cystitis is caused
by damaging the umbrella cells that make up the apical
part of the bladder urothelium through the pronounced
production of ROS.>?

This loss of urothelial integrity permits a direct contact
between bladder irritants (uric acid, urea, creatinine,
chloride, sodium, and potassium) and submucosa, leading
to inflammation that increase mucosal damage and may
lead to fibrosis of the submucosa as a late event.**?*

The findings of this clinical study showed that taking
standardized 36mg of PACs tablets twice daily from
baseline to the end of RT course had decreased the
incidence of LUTS in patients with BC treated with RT
compared with placebo capsules. The decision to
administer 36mg of PACs twice per day was agreed with
the recommendations of Hamilton K.”> who reports a
decrease in radiation cystitis and LUTS in males with
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prostate cancer treated with pelvic RT using 72mg
capsules of standardized cranberry once daily during and
for two weeks after completion of RT.

According to the American Urological Association (AUA),
up to seven micturations episodes per day are considered
normal for patients with no comorbid medical
conditions.”” This study showed that the mean urinary
frequency of the placebo and cranberry group was
slightly elevated at baseline as the patients with BC may
present with LUTS, including frequency, even before
starting RT and this was matching with a previous study
that indicates the same finding during RT course at
baseline.”® Another observation was a significant
elevation in the weekly mean urinary frequency (gradual
increment) in the placebo group throughout the study,
while in the cranberry group there was a significant
reduction in the weekly mean urinary frequency (gradual
decrement) throughout the study.

Nocturia is the complaint of interrupting the sleep more
than once due to the need to void.” The current study
found that the mean nocturia of the placebo and
cranberry group was slightly elevated at baseline as the
patients with BC may present with LUTS, including
nocturia, even before starting RT and this was matching
with a previous study that indicates the same finding
during RT course at baseline.” Also, it showed that there
was a significant elevation in the weekly mean nocturia
(gradual increment) in the placebo group throughout the
study, whereas in the cranberry group there was a
significant reduction in the weekly mean nocturia
(gradual decrement) throughout the study.

Urinary urgency defined as the complaint of a sudden,
compelling desire to pass urine which is difficult to
defer.”’ Urinary urgency is one of the LUTS that can be
highly increased with RT.”. In the present study, the
mean urinary urgency of the placebo group was
considered mild at baseline, while that of the cranberry
group was considered moderate and the difference
between the two groups at baseline was statistically
significant. It also found that there was a significant
elevation in the weekly mean urinary urgency (gradual
increment) in the placebo group throughout the study
(considered moderate to severe at the end of RT
according to the PPIUS), while in the cranberry group
there was a significant reduction in the weekly mean
urinary urgency (gradual decrement) throughout the
study (considered mild at the end of RT according to the
PPIUS).

The significant differences in LUTS between the two
groups were attributed to the potent anti-oxidant and
anti-inflammatory properties of PACs extracted from the
American cranberry that confers a good protection for
the urothelium against de-epithelialization effects of RT.
These observations are supported by many studies that
also found the importance of PACs in reducing the
incidence of radiation cystitis and associated LUTS.>”?
Vidlar A®® reported that cranberry-PACs showed a
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clinically relevant, dose-dependent, and significant
reduction in LUTS in men over 45 years. Ledda A%
indicated the effectiveness and safety of a well-
standardized cranberry extract in the prevention of
recurrent UTI.

Infective (bacterial) cystitis is a common type of lower
UTls. Non-infective (sterile) cystitis can be the result of RT
for pelvic tumors. This type of cystitis is more severe and
cause more intensive pain, irritative voiding symptoms,
and hematuria.* Pyuria or sterile pyuria is the presence
of white blood cells in a urinalysis in the absence of
bacteriuria. The finding of more than 5-8 WBCs/HPF is
considered to be the cut-off for defining pyuria. The
presence of leukocytes in the urine suggests an infectious
or inflammatory process involving the genitourinary tract,
either directly or indirectly.31 Pyuria is a common
observation seen with radiation cystitis.32 The Canadian
and American guidelines define hematuria as the
presence of more than 2-3 RBCs/HPF in a properly
collected specimen of urine when there is no benign
etiology such as menstruation, recent exercise, recent
sexuaalaactivity or recent instrumentation of the urinary
tract.

The pathogenesis of increased pyuria and hematuria from
exposure to RT is attributed to the acute inflammation as
a response to radiation injury of the bladder mucosa. It is
characterized by vasodilation, increased vascular
permeability and leukocytes (WBCs) migration to the
urothelium, release of inflammatory mediators,
cytokines, histamines, complement factors, clotting
factors, nitric oxide, and proteases. These mediators
cause bladder irritation which is responsible for increased
frequency, urgency and other LUTS.*

Radiation damages blood vessels and is always
accompanied with increased hematuria. It also damages
the basement membranes of blood vessels leading to
occlusion, thrombosis and neovascularization (an
important factor for radiation cystitis and subsequent
hemorrhagic cystitis).?’5 To study the effects of RT on
bladder mucosa, urinalysis tests were performed for each
patient enrolled in this study before and after completing
the course of RT in order to track the changes in pyuria
and hematuria (as the objective parameters of radiation
cystitis) and to assess the protective effects of PACs-
extracted from American cranberry in reducing these
parameters when compared to the placebo group.

Three patients of the placebo group were withdrawn
from the study at the 3 week of RT course due to the
development of severe LUTS accompanied by UTI
approved with urinalysis and urine culture tests. This
finding is supported by the fact that the anti-adhesive
effects of PACs extracted from American cranberry
prevent the attachment of bacteria to the urothelium, an
important step in the development of UTI, thereby
decreasing the incidence of UTIs and LUTS in the
cranberry group. This fact had been elegantly reviewed
by many other researchers.'***?’
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In this clinical study, the urinalysis findings showed a
significant elevation of the detected means of pyuria and
hematuria of both groups at the end of RT course when
compared to their baseline level. Although, the means of
pyuria and hematuria of the cranberry group at the end
of the study were significantly lower than that of the
placebo group.

The difference between the two groups is attributed to
the efficient anti-oxidant and anti-inflammatory
properties of the cranberry-PACs that offer a good
protection to the bladder mucosa against the damaging
effects (ROS and acute inflammation production) of RT.
These observations are supported by many studies that
also found the importance of PACs in reducing the
incidence and severity of radiation cystitis and its
associated symptoms.”>**

Radiotherapy has a significant effect in modulating the
immune system through the activation of cytokine
cascades.® After exposure to IR, in vivo and in vitro cells
and tissues increase the expression of many cytokines
and growth factors, including TNF-a and IL-8.% These
cytokines produced in a time-dependent manner, peaking
usually at 4-24 hours after irradiation, with subsequent
decre‘%se to baseline levels within 24 hours to a few
days.

Radiation energy leads to the formation of ROS that cause
the majority of radiation-induced damage to the tumor
and normal tissues. Many cells in the tumor
microenvironment are affected by these ROS and release
many cytokines and inflammatory mediators as a
response. These mediators can modulate the signaling
pathways of the transcription factors, like NF-«kB, which in
turn up-regulate the expression of many cytokines and
inflammatory mediators. This feedback can amplify
radiation-induced inflammation that may persist
chronically, leading to a radio-resistant tumor tissue
and/or fibrosis of normal neighboring tissues.”!

Due to the strong anti-inflammatory properties of PACs
that may be useful in protecting normal tissues from the
late adverse event of radiation (fibrosis) and increasing
the radio-sensitivity of the tumor cells, this study was
interested to study the effects of PACs-extracted from
American cranberry on the inflammatory changes
induced by RT through the assessment of TNF-a and IL-8
serum levels before and after the course of RT.

One of the central factors involved in stress responses,
including response to radiation exposure, is TNF-o.? It is
an essential mediator of cancer-related inflammation and
it performs paradoxical roles in cancer promotion and
progression pathways resulting in the activation of NF-kB
and AP-1 transcription factor complexes.43 For these
reasons, this study evaluated the changes in serum levels
of TNF-a before and after RT course of treatment.

The study found that the mean serum level of TNF-a in
the cranberry group was significantly reduced post RT
when compared with the pre-RT, while in the placebo
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group it’s mean serum level at the end of the treatment
was significantly elevated when compared to the baseline
level. As a comparison between the groups, it is obvious
that there is a significant difference between the mean
serum levels of TNF-a at the end of the treatment,
indicating that the PACs-extracted from American
cranberry effectively reduced the level of TNF-a in the
cranberry group due to its anti-inflammatory properties.

The secretion of IL-8 is elevated through oxidative stress
from intracellular and extracellular sources. Interleukin-8
attracts inflammatory cells, which further elevates
oxidative stress mediators, thereby making IL-8 a key
parameter in localized inflammation.” 1t is always
accompanied by inflammation that predisposes cells to
produce different  chemokines  for  malignant
transformation or progression.45 This study measured the
changes in IL-8 levels before and after the course of RT
for both groups.

The present study found that the mean serum level of IL-
8 at the end of the treatment with RT in the cranberry
group was significantly reduced compared with baseline
level, while for the placebo group the opposite was
observed. Also, the serum level of IL-8 for the cranberry
group was significantly lower than that of the placebo
group at the end of RT.

These findings show the strong anti-inflammatory
properties of the PACs-extracted from American
cranberry in reducing IL-8 levels. There are many previous
studies support these findings regarding the anti-
inflammatory effects of the PACs. La vD*® reported that
the PACs of American cranberry inhibited the
phosphorylation state and expression of fibroblast’s
activator protein-1 (AP-1), which prominently involved in
the transcriptional regulation of many pro-inflammatory
mediators, such as IL-6 and IL-8. Bodet" also reported
that the PACs of American cranberry inhibited IL-6, TNF-a,
and IL-8 production by gingival fibroblasts stimulated with
lipopolysaccharides  (LPS)  from  five  different
periodontopathogens, whereas Feldman and Grenier®
showed that the PACs of American cranberry inhibited
Porphyromonas gingivalis growth and biofilm formation
and also reduced LPS-induced secretion of IL-13, TNF-a,
IL-6 and IL-8. Matsushima® reported that the extract of
cranberry suppresses IL-8 secretion from stomach cells
when stimulated by Helicobacter pylori in every clinically
separated strain but inhibits growth in part of the strains.

MacDougaII50 reported that Cranberry extract reduces
TNF-a-induced expression of cyclooxygenase-2 and
inducible nitric oxide synthase in vascular smooth muscle
cells.

Another study had shown that PACs anti-inflammatory
action comes from the interaction of leukocytes
migration, so depressing the levels of cytokines which
include TNF-ot and IL-8.>*

There are many other studies supporting the effect of
cranberry-PACs in modulating immune cells signaling
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pathways. Déziel BA®> reported that cranberry-PACs
decreases matrix metalloproteinase (MMP) activity by the
stimulation and/or inhibition of specific temporal MMP
regulators, and by affecting either the phosphorylation
status and/or expression of NF-kB and AP-1 pathway
proteins. Martina> demonstrated that cranberry
polyphenols may help protect liver cells against oxidative
insult by modulating GSH concentration, ROS and MDA
generation, antioxidant enzyme activity and cell signaling
pathways. Denis MC>* reported that cranberry
polyphenols fractions limited NF-kB activation.

Water radiolysis is the indirect action of radiation that
result in the production of free radicals, such as hydrated
electrons (e,q), ionized water (H20%), hydroperoxyl
radical (HO,"), hydrogen radical (H®), and hydroxy! radical
("OH), which can diffuse far enough to reach and damage
the DNA, protein, and lipid targets.55 These ROS break
chemical bonds, produce chemical changes, and start the
chain of events that results in the final expression of
biological damage. The intracellular ROS levels are
suddenly increased after exposure to IR and that
increased levels of ROS are sustained for several hours
after initial IR exposure.41 Radiotherapy induces cell death
through the generation of oxidative stress, and cellular
antioxidant status also affects normal tissue injury and
tumor sensitivity to radiation treatment.”®

The NF-kB signaling pathway is essential in supporting
cancer-related inflammation and malignant progression
as well as sustaining the immunosuppressive phenotype
of tumor-associated macrophages (TAMs).57 Inhibition of
NF-kB has been proposed as a mean to treat cancer or to
overcome chemo-resistance and radio-resistance in
cancer therapy.58 When compared to normal cells,
cancerous cells are usually suffering from oxidative stress
and secrete more pro-inflammatory mediators.
Incremental elevations in oxidative stress to a level that is
still within the adaptive redox buffering capacity of
normal cells may overwhelm the less adaptive redox
buffering capacity of tumor cells, thereby selectively
disrupting the redox state in tumor cells and activating
the apoptotic or necrotic pathway, which leads to
selective killing of tumor cells.™

This study put a hypothesis that PACs can modulate IR
tissue responses in a way that suggests increase tumor
cells sensitivity while protecting neighboring normal cells
from the bystander effects of radiation which is mediated
through the excessive release of pro-inflammatory
cytokines. This hypothesis is supported by a previous
study reported that oxidative stress came from an
imbalance between pro-oxidants and antioxidants that
prefers the former is believed to play a critical role in
prostate  carcinogenesis  and prostate  cancer
progression.” Another study reported that selective
inhibition of NF-kB pathway can, to a remarkable degree,
sensitize prostate cancer cells to IR induced killing.>®

Copper/Zinc superoxide dismutase (SOD-1) is a key
enzyme in the dismutation of superoxide radicals
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resulting from cellular oxidative metabolism, converting
them into hydrogen peroxide and as a result, serves a key
antioxidant role.®® Three types of SOD isozymes have
been identified in human cells and Cu/Zn-superoxide
dismutase (SOD1) contribute to approximately 70-80% of
cellular SOD activity.61 Previous study showed a
significant reduction in the SOD1 levels post radiation, in
addition to reduced TAC of the irradiated tissues.®’ This
study was interested to track the changes in SOD1 and
TAC serum levels during RT in order to assess the
potential effect of PACs in maintaining the anti-oxidant
capacity of those patients to overcome radiation-induced
damage in an attempt to reduce future late adverse
events of IR.

In this clinical study, SOD1 was significantly elevated in
the cranberry group at the end of the treatment when
compared to the baseline level. This finding matching a
previous study that reported increased level and activity
of SOD1 after ingestion of cranberry extract.”’ On the
other hand, SOD1 level was significantly reduced in the
placebo group at the end of the treatment when
compared to the baseline level. This finding was
consistent with a study reporting that SOD1 level is
reduced by the enormous production of ROS during IR.%
Elberry AA* reported that American cranberry preserves
SOD activities and protects against doxorubicin-induced
cardio-toxicity in rats through the anti-oxidant activity of
cranberry.

There was no significant difference in the TAC serum level
of cranberry group before and after treatment, while its
serum level in the placebo group was significantly
reduced when compared to the baseline level. This is
suggesting that the anti-oxidant effects of the cranberry-
PACs maintained the TAC of the patients intact during the
treatment through its free radical scavenging potency.12

These findings are consistent with previous studies
reporting that the scavenging capacity of catechin and
epicatechin molecules of the PACs depends on the
number of ortho-dihydroxyl and ortho-hydroxyketol
groups and C2-C3 double bounds due to their hydrogen
donating ability.es‘66 The dimeric PACs are more effective
than vitamin Cin trapping ROS.”

They have the ability to inhibit ROS generation as well as
the release of lysosomal enzymes. Facino®® have indicated
that PACs strongly complex iron and copper cations in the
ratio of Fe’*/procyanidin (2:1) and Cu®*/procyanidin (4:1)
respectively.

During the study, all the patients of the two groups were
requested to record any side effects associated with their
medication (cranberry tablets and placebo capsules) but
no specific side effects were found.

One important limitation of this study was the difficulty in
obtaining large size of sample (number of patients) due to
the strict inclusion criteria in addition to the rarity of
MIBC patients when compared to NMIBC. Other
limitations include the short period of the study (no

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

186



Int. J. Pharm. Sci. Rev. Res., 39(2), July — August 2016; Article No. 33, Pages: 179-188

follow-up post treatment), unavailability of enteric-
coated PACs tablets, and single cranberry arm dose.

From above, patients with MIBC treated with
radiotherapy can get benefit from cranberry-PACs in
reducing the incidence of radiation cystitis that develop
during the course of RT.

Cranberry-PACs may assist in the prevention of the late
adverse events like fibrosis of bladder tissue, bladder
contracture and life-threatening hemorrhagic cystitis
through modulation of the immune cells signaling
pathways in a way that favors increased tumor cells
radio-sensitivity and protecting the normal neighboring
tissues from the bystander effects of radiation.

CONCLUSION

This study can conclude that cranberry-PACs may reduce
bladder discomfort and incidence of urinary symptoms
associated with RT in patients with bladder carcinoma by
ameliorating the mucosal damage through the anti-
inflammatory and anti-oxidant properties of PACs.
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