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Abstract: Bladder cancer is one of the ten most common types of cancer diagnosed in the world. 

During this time, an unbalanced state of reactive oxygen species (ROS) production and antioxidant 

capacity occurs, which then causes oxidative damage, cell damage, and eventually death of the cells. 

The aim of this research was to explain what fluorescence diagnostics is and to present the tech-

niques of modern bladder tumors fluorescence diagnostics which use the phenomenon of oxidative 

stress. Modern fluorescence diagnostics of bladder neoplasms, combining fluorescence cystoscopy 

with other methods shows great potential both in basic biomedical research and in clinical practice 

of diagnosis and bladder cancer treatment. In this paper, we present the current research reports on 

the generation and operation of ROS in bladder cancer. 
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1. Introduction 

Bladder cancer is one of the ten most common types of cancer diagnosed in the world, 

with the highest number of cancers diagnosed in developed countries [1–3]. Increased ox-

idative stress in bladder cancer patients. During this period, reactive oxygen species (ROS) 

production and antioxidant capacity are out of balance, leading to oxidative damage, cell 

damage, and ultimately cell death. Oxidative stress mediates the development of several 

diseases, including urothelial carcinoma. Fluorescence diagnosis of bladder tumors, 

namely photodynamic diagnosis (PDD) and photodynamic therapy (PDT), has shown 

great potential in both basic biomedical research and clinical practice. The aim of this 

study was to explain what fluorescence cystoscopy is and how the phenomenon of oxida-

tive stress works. So far, several mechanistic pathways have been proposed, and oxidative 

stress has been shown experimentally to cause epigenetic changes. Many diagnostic and 

therapeutic methods are known for the treatment of bladder cancer, including the modern 

diagnostic methods used to detect bladder cancer: cystoscopy, biopsy, cytology and also 

ultrasound, computed tomography (CT), intravenous urography (IVU) and magnetic res-

onance imaging (MRI). However, cystoscopy is considered the gold standard for the ini-

tial treatment of bladder cancer. In addition to the above methods, bladder cancer can also 

be detected using fluorescence cystoscopy (PDD) [4]. Bladder cancer diagnosis under flu-

orescence control has excellent sensitivity and specificity [5,6]. Studies comparing white 

light cystoscopy with fluorescence cystoscopy confirmed an approximately 30% increase 

in the frequency of in situ detection of bladder cancer in situ [7]. Narrow-band imaging 

improved detection rates and reduced the risk of recurrence after 3 and 12 months. Blue 

light cystoscopy (BLC) can detect up to 14% of Ta/T1 papillary lesions and 40% of in situ 

neoplastic lesions, which are overlooked in conventional cystoscopy [8]. The photody-

namic diagnostic method of tumors is the most accurate method for imaging tumor tissue 
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and, unlike conventional cystoscopy, allows visualization of all tumor foci at the earliest 

stages of their formation [9]. 

2. Methods 

Cystoscopy is an endoscopy that examines the mucosa of the bladder. Standard cys-

toscopy is performed using white light. Fluorescence cystoscopy, on the other hand, in-

volves the use of light of an appropriate wavelength after prior intravesical administration 

of a photosensitizer (PS). The reaction takes place in the presence of oxygen.This approach 

requires preoperative intravesical infusion of fluorophores that are captured by urothelial 

cells and preferentially metabolized by dysplastic cells. Under the influence of light of the 

appropriate wavelength, the dysplastic cells emit a characteristic red fluorescence. Cur-

rently commonly used photosensitizers for PDD are 5-aminolevulinic acid (5-ALA) or 5-

aminolevulinic acid (HAL) [10–12]. Both drugs (5-ALA and HAL) can be instilled topically 

into the bladder without causing any systemic or local toxicity. The applications of the 

two compounds vary widely [13]. 

2.1. 5-Aminolevulinic Acid 

5-ALA is the first locally administered prodrug for bladder tumor photodiagnosis. 5-

ALA acid has the ability to selectively accumulate in cancer cells. This enables visualiza-

tion of small or flat tumors that do not grow into the bladder lumen under fluorescent 

light, which significantly improves the detectability of bladder cancer compared to nor-

mal cystoscopy under white light. Multiple studies have demonstrated that 5-ALA fluo-

rescence cystoscopy significantly improves the overall diagnosis of malignant bladder le-

sions compared with standard white light cystoscopy [14–16]. 

 

Figure 1. 5-aminolevulinic acid (5-ALA) chemical formula. 

We were able to employ cystoscopy to inspect tumor cells under the impact of blue 

light due to the features of 5-ALA, which causes an excessive accumulation of intracellular 

levels of the fluorescent substrate protoporphyrin IX (PpIX). This is due to the fact that, 

unlike normal tissues, they have a proclivity for accumulating extra PpIX. As a result, 5-

ALA can be employed to cause red fluorescence in neoplastic and precancerous tumors 

in order to identify them [17]. The relative insolubility of 5-ALA in tissues is one of its 

drawbacks. This disadvantage is not present in hexyl 5-aminolevulinic acid (HAL), a 

hexyl ester derivative with improved lipophilic characteristics [10]. 

2.2. 5-Aminolevulinic Acid Hexyl 

HAL is a lipophilic derivative of 5-ALA that is more potent. It has the benefit of 5-

ALA in that it raises the number of photoactive porphyrins in a smaller dose and in a 

shorter amount of time. This allows for faster substance instillation into the bladder and 

better detection of photosensitive tumors [18,19]. The results of a prospective multicentre 

US registry from 2018 confirm that BLC with HAL improves the detection of all malig-

nancies by 23 percent, papillary by at least 12 percent, and CIS by 43 percent compared to 

conventional WLC [20]. Moreover, many randomized controlled trials have shown that 

BLC with HAL aids in the detection of bladder tumors [21–23]. 
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Figure 2. Hexyl of 5-aminolevulinic acid (HAL) chemical formula. 

2.3. Hypericin and Other Photosensitizers 

Hypericin is another PS that is a natural chemical. Hypericin is a polycyclic aromatic 

molecule with significant photoactive characteristics that belongs to the class of quinone 

derivatives [24,25]. When compared to 5-ALA and HAL, hypericin is less susceptible to 

photobleaching and has a better sensitivity and specificity of 94 percent and 95 percent, 

respectively [26]. Hypericin has a high tolerance, according to research, and the fluores-

cence can continue up to 16 h after instillation. Hypericin’s low water solubility, which 

can be changed using solvents like polyvinylpyrrolidone (PVP) and albumin [27], is likely 

a constraint. Although thousands of compounds have been found as photosensitizing 

agents, the most often used photosensitizers are 5-aminolevulinic acid (5-ALA) and 5-

aminolevulinic acid (HAL). 

An successful photosensitizer in the clinic has the majority of the following charac-

teristics: it is non-toxic until activated, it is hydrophilic for easy systemic distribution, it is 

activated by a therapeutically useful wavelength of light, and it consistently induces a 

photodynamic response. Furthermore, it is concentrated in the neoplasm, cleanses normal 

tissue, is rapidly expelled from the patient’s body, is a non-toxic breakdown product with 

concomitant easy synthesis, and, most importantly, is commercially available [28]. For 

proper activation, each PS requires a specific light wavelength and intensity. Red light 

with a wavelength of 630 nm has been shown in clinical studies to penetrate tissue up to 

0.5 cm, allowing lighting of both the surface and deeper situated tumors [29,30]. 

Essentially, light of a specific wavelength activates the PS, which then initiates a se-

quence of photochemical processes that, in theory, allow the tumor to be destroyed with-

out causing undue damage to healthy tissue. By transferring an electron from the photon 

of light to the PS, the light energy modifies the neutral PS. After that, the active PS might 

squander energy in a variety of ways. The emission of light might result in energy loss. 

The light phenomena that can be seen enables for tumor identification and delineation 

[29,32]. 

The photodynamic response has two major processes, both of which are reliant on 

the oxygen molecules located inside the cells (Figure 3). Both processes have a similar first 

step. Type I and type II photoprocesses are the two types of photoprocesses used in PDT. 

Type I and Type II processes are completely reliant on molecular oxygen. Type II entails 

energy transfer from the photosensitizer to ground-state 3O2 to produce singlet oxygen 

(1O2), whereas type I entails photoinduced electron transfer to produce superoxide (O2•−) 

or hydroperoxyl radicals (HO2•). Type I and Type II photosensitized reactions both result 

in biomolecule breakdown and, as a result, tissue damage/destruction [33]. 

Photon absorption by PS transforms the pivot states (S0) of the PS into an excited 

unstable state (S1), which undergoes a triplet state intersystem transition (T1). When the 

ROS is formed, the T1 state is responsible for producing molecular oxygen and decays to 

SAlternatively, the photon passes from S0 to other regularly repeating molecules, forming 

a cytotoxic radical knot [34]. In any case, the test radicals produced react aggressively with 

nucleic, developmental, and other lipids, as well as other substrates containing numerous 

additional carcinogens. In the initial episode of death, photodamage by ROS can cause 

apoptosis and necrosis [35]. The active phase after PDT treatment is defined by type, and 
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death is determined by PDT dosimetry (e.g., PS causes apoptosis in mitochondria, alt-

hough it can begin necrosis in the cell membrane following irradiation (Figure 4)). Overall, 

PDT-induced update death increased apoptosis when the shift to shift changed [36]. 

 

Figure 3. Type I and Type II photosensitized reactions. 

 

Figure 4. Ways of bladder cancer cell death after PDT. 

Apoptosis is a tightly controlled cell death process. Following the destruction of mul-

tiple organelles, it entails the beginning of several pathways [37]. Mitochondria are im-

portant regulators of apoptosis, and any PS found on the organelle promoted the process. 

Caspase proteins can be activated by cytochrome c leakage from mitochondria into the 

cytosol, resulting in signal transduction and apoptosis [38]. 

Necrosis causes significant damage to cell components at the PS site of action, result-

ing in intracellular material leaking that might induce inflammation. When PS localizes in 

the plasma membrane and PDT with greater doses of light and PS, this mechanism hap-

pens [39]. Beclin-1 is a tumor suppressor protein that is linked to autophagy. The au-

tophagic mechanism is diverse in its impact, and Beclin-1 production is aimed at tumor 
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growth inhibition. However, as the tumor progresses, a different autophagy pathway is 

activated to help the cells in the core, low-nutrient region of the tumor receive the energy 

they require to stay alive [40]. Photodamaged cells recycle their damaged organelles and 

cytoplasmic components in the subsequent stages to become resistant to PDT [41]. Au-

tophagy may either be engaged to recycle the damaged organelle, causing cell survival 

(low dose PDT), or it can be induced to cause full cell organelle destruction, causing cell 

death (high dose PDT). Mild PDT, on the other hand, induced by insufficient PS localisa-

tion, PS efflux out of the cell, and low light, triggers autophagy’s defensive potential to 

repair the damage, resulting in PDT resistance [42]. 

An important role in the accumulation of PpIX in cells is played by nitric oxide (NO), 

which interacts with iron and prosthetic groups of proteins and iron-containing enzymes 

(heme, cytochrome C). This can lead to increase oxidative stress (Figure 5), decrease in 

intracellular iron concentration and a decrease in the activity of mitochondrial enzymes, 

including ferrochelatase, which in turn leads to the accumulation of PpIX. It was also ob-

served that the expression of nitric oxide synthase is increased in neoplastic cells, which 

may explain the selective accumulation of PpIX in neoplastic tissue. Therefore, endoge-

nously produced NO may be an important factor regulating cell response to ALA-PDT 

[43]. 

 

Figure 5. Oxidative stress caused by PDT. 

Photodynamic therapy and photodynamic diagnostics are often considered together. 

This is due to the fact that the same PS can be used first for diagnosis and then for therapy. 

The essence of PDD is the emission of light after irradiation of tissues containing natural 

fluorochromes or introduced photosensitizers. The concentrations of fluorochromes in the 

neoplastic and healthy tissue are different, which causes the difference in the intensity of 

fluorescence emitted by these tissues. The optical effect used in diagnostics is the emission 

of red light by the neoplastic tissue, and green light by the healthy tissue [44]. The drug 

accumulated mainly in the neoplastic tissue is irradiated, usually after 24–72 h, with a 

beam of appropriate intensity. Activation of PS results in the production of ROS that dam-

age cell organelles, leading to cell death. PDT and PDD allow the detection and treatment 

of diffuse multifocal lesions, with the possibility of multiple repetitions of the procedure, 

without the risk of accumulation of a toxic agent. 

Unlike other kinds of cancer therapy (chemotherapy and radiation), these procedures 

do not lead to the establishment of secondary neoplasms [45]. 

In practice, the bladder wall must be smoothly unfurled and extended during fluo-

rescence cystoscopy to decrease the danger of false positives caused by tangential lighting 
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of the mucosal folds. Furthermore, it is critical to maintain a clean environment inside the 

bladder, as any bleeding traps the blue light and lowers the stimulation of the bladder 

wall greatly. As a result, any biopsy or resection region should be meticulously coagulated 

before to surgery, and any questionable area spotted by fluorescence should be biopsied 

as soon since possible, as photobleaching (natural fluorescence decay) might distort the 

results. This danger is reduced by the increased fluorescence intensity produced with 

HAL compared to ALA [43]. 

3. Discussion 

PDT and PDD are safe, well-tested, and effective in the treatment of non-infiltrating 

bladder cancer with varied risks. It allows for the decrease of relapses, and urologists and 

patients should evaluate the possibility for progression reduction favourably [46]. When 

compared to white light cystoscopy, PDD improves in situ detection of cancer and papil-

lary lesions [47]. PDD is a highly specific, sensitive, and successful diagnostic tool. Im-

proved diagnostic capacity, higher tumor resection, and a moderate but substantial de-

crease in relapse-free survival have all been demonstrated in prospective phase III clinical 

studies. During diagnostic cystoscopy and endoscopic resection, improved cystoscopy or 

blue light cystoscopy gives superior sensitivity and specificity for finding bladder tumors. 

The reported side effects are similar to those seen with regular white light tumor cystos-

copy [12]. 

The disadvantage of the procedures described above is that they can lead to errone-

ous false positive diagnosis. Inadequate expertise of the surgeon doing the examination, 

autofluorescence, tangential imaging, and bladder inflammation are all factors that impact 

this. The depth of penetration of both ALA and HAL is restricted, limiting the examination 

of more invasive lesions [48]. Furthermore, any flaw in the light source’s energy or trans-

mission owing to damage to the light cables might diminish the excitation strength of the 

light at the endoscope’s tip, lowering picture quality. 

PDD has the potential drawback of requiring the patient to use a urethral catheter 

prior to surgery. However, as verified postoperatively, the catheter causes no discomfort 

to patients, thus this should be considered if the above-mentioned advantages are still 

evident. Finally, bladder cancer is the most costly malignancy from diagnosis to death, 

according to various research [49,50]. 

4. Conclusions and Future Perspectives 

Fluorescence cystoscopy is a safe, well-tested, and effective therapy for bladder can-

cer, with strong evidence to back it up. Combining PDD with other bladder cancer diag-

nosis methods is the currently explored strategy, which is accessible and implementable 

while also being more successful. 

There is space for more development and study in this field, as well as a need for it, 

in order to remove obstacles and provide new, enhanced diagnostic procedures. New ap-

proaches for bladder cancer fluorescence diagnostics, without a doubt, offer promise for 

the future of this field of medicine and the reduction of the challenges connected with the 

use of PDD. Technical considerations, associated costs, a steep learning curve and most 

importantly clinical success in practice are key obstacles to the widespread clinical appli-

cation of these revolutionary procedures for the foreseeable future. 
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