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 In the past three decades, photodynamic therapy (PDT) has accepted as an 

alternative modality for the management of wide variety of diseases including 

cancer, skin and bacterial, viral and fungal infections. It is minimally invasive 

treatment, which involves the interaction of a non-toxic photosensitizer (PS), 

light of an appropriate wavelength and tissue oxygen to remove unwanted 

cells by generating free radicals mediated by light receptors, which is more 

prevalent when the plant-produced metabolites are heterocyclic/polyphenols 

in nature. Until date, more than hundred photosensitizers or photosensitive 

drugs were identified various natural sources including plants. Many 

bioactive principles have shown in recent years to be potential 

photosensitizers, i.e. their toxic activities against various microorganisms, 

insects or cells are dependent on or are augmented by light of certain 

wavelengths. PDT considered often as selective and target specific, which led 

to the novel concept of therapeutic prospects in the control of infectious and 

other diseases including cancer. Photosensitization mechanisms commonly 

involve singlet oxygen and radicals, which causes photo damage to 

membranes or macromolecules. Although many existing PSs developed in the 

last 30 years, only a handful of them employed in human clinical 

applications. The main classes of natural photosensitizers reviewed in this 

chapter are chlorins and their synthetic counterparts because of their 

therapeutic efficacy by employing various search engines such as PubMed, 

Scifinder, and Web of Science. The continued progress in the development of 

novel photochemical is essential to advance targeted delivery of PS and 

efficacy of PDT, which consequently expands the range of clinical 

applications. The constant development of new photosensitizers is required to 

improve site-specific delivery for therapeutic efficacy of PDT, which 

consequently expands the range of clinical applications. If successful, these 

efforts will provide PDT therapy for infectious, cancer and other diseases 

with minimal risk to healthy tissue. 
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Introduction 

Natural products have proven templates for the 

development of new drug entities (Beutler, 

2010). It is widely accepted that plant derived 

natural compounds are harmless because of 

their less toxic nature in comparison with pure 

chemicals. However, it is possible that some 

constituents nullify the toxic effects of other 

components of a plant and the whole plant 

extract becomes less toxic and more useful 

(Wagner and Ulrich, 2009). In the last few 

decades, medicinal chemists have isolated 

many clinically important bioactive 

principles/phytocompounds from various 

traditional medicinal plants (Geysan et al. 

2003; Seyed et al. 2017). The progress of 

medicinal drug development from herbal plants 

sources face numerous problems such as 

absorption, therapeutic efficacy and poor 

compliance. Despite having above problems, 

still crude herbs/plants mostly formulated in 

various preparations. The drug discovery from 

plants has traditionally been time-consuming, 

faster and better methods for plant collection, 

bioassay screening, compound isolation and 

compound development need incorporation of 

advanced techniques (Jantan et al. 2015; Seyed 

and Vijayaraghavan, 2020). It is well 

established that the drug leads of plant origin 

involves simple stepwise preparation and 

therefore less expensive than the synthetic 

drugs (Katiyar et al. 2012; Seyed, 2019). In 

this regard, by employing, various approaches 

like combinatorial and synthetic chemistry and 

modeling to obtain compounds for drug 

discovery including isolation from plants 

(Geysan et al. 2003; Mouhssen, 2013). 

PDT is an emerging alternate mode of 

regulatory approved site-specific cancer 

treatment and it involves the introduction of a 

non-toxic photosensitizer (PS) that accumulates 

selectively more in cancer cells (Dougherty, 

1993; Ali et al. 2001, 2002; Robertson et al. 

2009) with minimal risk to healthy tissue than 

surrounding cells. In PDT, combining PS that 

absorbs specified wavelength of light, which in 

turn to produce free radical molecules to 

eliminate neoplastic cells and tissues. PDT can 

be used to treat a variety of diseases including 

skin diseases, bacterial, viral and fungal 

infections (Hamblin et al. 2004), various 

malignancies (Gitika et al. 2012), 

cardiovascular, dermatological, ophthalmic, 

and immunological disorders (Ali-Seyed et al. 

2011; Geltzer et al. 2013). There are three well 

established PDT mediated biological 

mechanisms involved in the destruction of 

tumorous tissue: cellular, vascular and 

immunological (Buytaert, 2007). Several 

cellular organelles like mitochondria and 

plasma membrane are known sites of 

photosensitizers location (Luo and Kessel, 

1997; Piette, 2003; Buytaert et al. 2007). 

However, a given photosensitizer might not 

usually bind to a specific intracellular structure 

and/or localization, which would lead to the 

diversity of cell death pathways involved in 

PDT (Yoo and Ha 2002; Ali-Seyed et al. 

2011). Compared with conventional surgery, 

the approach is non-invasive, enables accurate 

targeting, repeated administration without 

total-dose limitations associated with 

radiotherapy, and results in little or no scarring 

after healing (Nowak et al. 2011). For 

successful clinical outcome, photosensitizer 

should meet certain requirements.  

Although many studies in the last few decades 

have focused on PDT for various applications 

based on its successful outcomes, however, less 

interest or attention has been paid to plant 

derived extracts or molecules of natural origin 

studied for their phototoxic activity to date. 

Herbal research recently gained momentum to 

explore plants as sources of new 

phytotherapeutic agents (Marrelli et al. 2014; 

Seyed et al. 2017; Vijayaraghavan and Seyed, 

2020) because many photoactive 

biocompounds are natural products (Newman 

and Cragg, 2016). For years hematoporphyrin 

derivative namely Photofrin, food and drug 

administration (FDA) approved sensitizer 

extensively employed for clinical treatment of 

various types of cancer including bladder, 

breast (Juarranz et al. 2008; O'Connor et al. 

2009) and to kill various microbial organisms 

(Hamblin and Hasan, 2004). However, it has 

some restrictions like (i) its cutaneous tissue 

retention time for 4-10 weeks after uptake that 
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leads to long-term skin photosensitivity, (ii) 

patients need to stay at for a considerable 

length of time to avoid light (iii) its insufficient 

low wavelength activation compromises tissue 

penetration and finally (iv) its badly defined 

molecular formula. Hence, the above 

limitations and drawbacks have encouraged the 

quest for new novel superior characteristics 

sensitizers (O'Connor et al. 2009; Pervaiz and 

Olivo, 2006). 

In recent years, many established studies have 

enumerated various merits of 

ideal photosensitizers (Ali and Olivo, 2002). 

An ideal PS need to be hydrophilic in nature 

for easy absorption, non-toxic till exposed to 

light and activated by an appropriate 

wavelength by tunable laser light source 

(Brancaleon and Moseley, 2002). More 

importantly, a good PS should generate a good 

photodynamic outcome based on its cellulular 

localization and selectivity (Boyle and 

Dolphin, 1996). The following are some of the 

characteristic features such as (a) it would be a 

chemically pure drug with specific uptake by 

the target tissue (b) minimal dark toxicity (i.e., 

activated only upon irradiation), (c) high photo 

activity (high quantum yield of ROS), (d) rapid 

clearance to avoid phototoxic side effects, and 

finally (e) strong absorption at relatively long 

wavelengths (∼630–800 nm) (Detty et al., 

2004; Juarranz et al. 2008; O'Connor et al. 

2009). Based on the above characteristics, most 

of currently available synthetic or 

natural photosensitizers have been identified 

and employed for various applications 

(O'Connor et al. 2009; Palumbo, 2007).  

From the available phytochemical literature, 

the photosensitizing metabolites isolated from 

35 families of plants belong to 15 different 

phytochemical classes (Kelsey et al. 1995). 

These secondary metabolites are products of 

four biosynthetic pathways like fatty acid, 

polyketide, shikimate and terpenoid 

(Thirumurugan et al. 2018). Many studies have 

established that these light-activated extracts of 

plants belonging to a variety of taxonomically 

disparate 44 families that have been found to 

contain photosensitizers or exhibit phototoxic 

activity which include Acanthaceae, 

Campanulaceae, Gesnariaceae, Loganiaceae, 

Malpigiaceae, Papaveraceae, Phytolaccaceae, 

Piperaceae and Sapotaceae (Kelsey et al. 

1995). 

A spectrum of plant derived extracts have been 

screened for chemotherapeutic properties but 

their potential as source of photosensitizers in 

PDT has been very rarely investigated 

(Marrelli et al. 2014; Jong et al. 2013). 

Looking for potential novel photosensitizers is 

a significant prerequisite  step in PDT studies 

because, to date, there are only a few clinically 

approved PDT drugs, including Photofrin®, 

Foscan® and Levulan® which are used mainly 

for skin, gynecological, gastrointestinal, and 

head and neck (H&N) cancers (Dhaneswar et 

al. 2014). Over the past two decades, a large 

number of natural and synthetic dyes have been 

developed and tested in vitro and in 

vivo as photosensitizers in PDT experiments 

(Berlanda et al. 2010; Buytaert et al. 

2007; Palumbo, 2007).  

Looking for possible novel photosensitizers 

(PS) is a crucial first step in PDT investigations 

because, to date, there are only insignificant 

number of approved PDT drugs are available 

including Levulan®, Foscan® and Photofrin®, 

which are used mostly for H&N, 

gastrointestinal, gynecological and skin cancers 

(Baskaran et al. 2018). In this line, 

chlorophylls, porphyrins, furocoumarins, 

cholorins (Ce6) and few other emerging PS are 

of interest as they have shown superior 

therapeutic efficacy. The continuous 

development of novel new photosensitizers is 

required to improve site-specific delivery for 

therapeutic efficacy of PDT, which 

consequently expands the range of clinical 

applications. 

It is conceivable that no current PS which 

would meet all clinical demands. Most of the 

PS have many disadvantages like limited cell 

specificity or selectivity, skin sensitivity to 

prolonged irradiation and unpredictable 

efficacy (Allison et al. 2004). Other 

requirements, which include the following: (i) 

PS should be water-soluble for intravenous 

injection, (ii) they should exhibit stronger 

absorption of light mostly in the red or near-
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infrared region, which is required  for deep 

penetration into tissues, (iii) have high yield of 

singlet oxygen generation (SOG) and produce 

low dark cytotoxicity, and finally can be 

rapidly eliminated from the body. However, 

chlorins (Ce6), hypocrellins, hypericin and 

curcumin properties seem to be advantageous 

as compared to other commonly used 

photosensitizers. The following cellular 

organelles are prime target locations for 

photosensitizers, which include mitochondria, 

lysosomes, ER, plasma membrane and Golgi, 

etc., (Kessel and Luo, 1998; Piette, 2003; 

Buytaert et al. 2007). However, a given 

photosensitizer might not usually bind to a 

specific intracellular structure and/or 

localization, which would lead to the diversity 

of cell death pathways involved in PDT (Yoo 

and Ha 2002; Galanou et al. 2008; Ali-Seyed et 

al. 2011). 

Many PSs such as chlorophylls, furocoumarins, 

hypocrellins including hypericin, chlorins and 

curcumin have gained attention in recent years 

because of their efficacy (Baskaran et al. 

2018). Based on the available literature and 

efficacy, this review will focus mainly on 

chlorin type of natural photosensitizers and 

their counterparts because of their efficacious 

pharmacokinetic and photodynamic activities. 

Most compounds or molecules that absorb 

light, and hence acquire energy in the process, 

subsequently lose the acquired energy through 

radiationless decay by internal conversion 

mechanism. However, PS are molecules in 

which internal conversion is not efficient. 

Rather PS molecules transfer electron from one 

to another. In other words, PS transfer energy 

of excitation to other molecules, often to 

molecular oxygen. In most cases, energy 

transfer is very efficiently populate in their 

excited triplet states because this state allows 

prolonged time for energy and/or electron 

transfer to occur. So, most highly effective 

photosensitizers used in the clinics exhibit high 

quantum yields of excited triplet state (Zhao et 

al. 2013).  

Generally, photosensitizers in their absorption 

maxima at the red region, specifically at 668 

nm, which is within the optical window of 

biological tissues (between 600 and 800 nm). 

Low range of light fail to penetrate the tissue 

into deeper regions and produce no results. 

Similarly, very long wavelengths (800 nm and 

above) also not useful as they have insufficient 

energy to excite tissue oxygen to become 

singlet then to to generate substantial yield of 

ROS (Yoon et al. 2013). Avoiding side effects, 

minimal or no destruction to 

nearby/surrounding healthy tissue but PS 

specific localization to neoplastic lesions is an 

essential consideration for clinical PDT. But 

photosensitizers are rarely elective given that 

ROS do not discriminate between 

cancerousand non-cancerous tissue. Though 

the selectivity may not be achieved by any 

natural PS extracts, however, the selectivity 

could be maximized by using focused lasers as 

light source or precise delivery tools to target 

the tumor region (Yoon et al. 2013).  

Although many clinically approved PS but few 

under clical trials (Anand et al. 2012) are 

currently in use to treat various types of cancer. 

Chlorins are promising agents for PDT 

compare to other PS, due to their absorption 

and emission in the red spectrum range, where 

the light penetrates deep enough into the 

tissues, high phototoxicity resulting in usage of 

low drug and light doses (Spikes, 1990). There 

are several chlorin-type photosensitizers in 

clinical use today are Temoporfin (Foscan, 

mTHPC, 5,10,15,20-Tetra(m-hydroxyphenyl) 

chlorin), Talaporfin (LS11, MACE, N-aspartyl 

chlorin e6, NPe6), Photolon®, Radachlorin (a 

mixture of three chlorins), and Photodithazine 

(glucosamine salt of chlorine e6) (Gijsens and 

De Witte, 1998; Brasseur et al. 1999). Chorines 

including bacteriochlorines absorption band 

width fall in the red and near-infrared region 

permit deeper penetration of light of 

appropriate wavelength into tissue, thus 

making these photosensitizers interesting 

candidates for PDT of various cancer (Bonnet 

and Martinez, 2001). 

 

Chlorins 

Photosensitivity and poor absorption of tissue-

penetrating red light, have led to the 

development of new PS with many novel 
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characteristic features, especially longer 

absorption wavelength for deeper penetration 

into tissue and faster clearance from normal 

tissue (Sibata et al. 2000). The second-

generation photosensitizers have shorter 

periods of photosensitization, longer activation 

wavelengths (and, therefore, are activated 

deeper within tissues), higher yields of singlet 

oxygen, and tumor selectivity (Zhang et al. 

2018). For example, chorines including 

bacteriochlorines fall in the bandwidth of red 

and near-infrared permitting deeper tissue 

penetration for light, therefore qualifying these 

PS ideal candidates for PDT of neoplastic 

tissues (Ferreira et al. 2008). 

The choice of chlorin-type photosensitizers for 

the selective destruction of cancer cells has 

been known for past few decades because of 

their selective potential phototoxic nature 

compound with a their strong absorption falls 

in the range of red region of the visible 

spectrum leading to destruction of diseased 

tissue in deeper tissue layers. Although 

chlorines exhibit photophysical properties 

equivalent to those of the porphyrin type of PS 

macrocycles. However with intensified and 

redshift of Q bands, making chlorine-PS more 

better candidates for photodynamic diagnosis 

(PDD) and PDT (Allison et al. 2006).  

 

Chlorin e6 

Chlorin e6 (Ce6) is a natural molecule and a 

member of the chlorin family.It is usually made 

from live Spirulina chlorophyll (Chlorella 

ellipsoidea) and other green plants. other green 

plants (Yoon et  al. 2013). Ce6 is lipophilic in 

nature and exhibits asymmetric structure with 

three ionizable carboxylic groups in it but pH 

dependent. (Mojzisova et al. 2007; Shim et al. 

2011). Chlorin e6, (17S,18S)-18-(2-

carboxyethyl)-20-(carboxymethyl)-12-ethenyl-

7-ethyl-3,8,13,17-tetramethyl-17,18,22,23-

tetrahydroporphyrin-2-carboxylic acid, its 

molecular structure is C34H36N4O6 with a 

molecular weight of 596.67. Chlorin e6 

represents an interesting class of tetrapyrrole 

compounds as far as their plant origination and 

photophysical properties are concerned 

(Battersby, 2000). It is well established that 

tetrapyrrole backbones present in several 

important biomolecules like chlorophyll, 

bacteriochlorophyll and haem and they have 

been termed the ‘pigments of life’ (Battersby, 

2000). Generally, tetrapyrrole PSs (with the 

exception of bacteriochlorins) tend to produce 

predominantly. Type II free radical species 

(singlet oxygen) and Type I (hydroxy radicals), 

which are often produced by PSs with other 

structures. Although many tetrapyrrole PS 

compounds have beeen used for PDT 

applications, only few of them have exhibited 

their superior actions in the clinic as well as in 

clinical trails (Copley et al. 2008; Seyed et al. 

2011).  

Chlorin e6 exhibits advantageous 

photophysical properties for PDT candidate 

because of its high absorption in the red 

spectral region (Li et al. 2013), and its low cost 

to make compared to other porphyrin-based 

PDT drugs and also having long lifetimes in 

their photoexcited triplet states (Sun et al. 

2018). It is evident that longer wave length 

laser light always penetrate deeper than the 

lower one (633 nm) commonly used for 

Photofrin. by a high sensitizing efficacy and 

rapid elimination from the body (Kostenich et 

al. 1994). They are known to combine high 

values of inter conversion coefficient (and, 

consequently yields high quantum of singlet 

oxygen when compare to porphyrins (610-620 

nm). 

 

Photolon 

Photolon® (1, 3, 5, 8 - tetramethyl-4-ethyl-2-

vinyl-chlorin-6-carbonic-acetic-7-propion acid 

sodium-vapor salt),  a  chlorin e6 hydrophile 

photosensitizing compound linked with 

polyvinylpyrrolidone (PVP) in the ratio of 1 : 1 

(Chin et al. 2006). Although, its chemical 

structure corresponds to a partially reduced 

porphyrin moiety, but its molecular structure 

shares with chlorine e6, which separates 

pheophorbide exocyclic dimethyl amine β-

ketoester by hydrolysis. The creation of 

Photolon® by joining Ce6 and PVP, exhibit 

better stability and solubility in water and, 

therefore, also better bioavailability than Ce6 

alone (Coply et al. 2008). It has a partially 
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reduced porphyrin moiety and its molecular 

structure is comparable to chlorin e (Waidelich 

et al. 2010; Jian Hua et al. 2013), which can be 

isolated after hydrolysis of the 5-membered 

exocyclic beta-ketoester moiety of 

pheophorbide a. Unlike first generation 

porphyrins, second generation chlorins 

(Chlorin e6 and derivative of Photolon®) 

demonstrated a higher ability to accumulate in 

neoplastic tissue and faster removal time from 

the body and strongly absorb in the red 

(between 640 and 700 nm), and thus provide a 

possibility of treatment of relatively massive 

and deep-lying tumors. The  intravenous 

administration of Photolon improves high 

uptake rate in target tissues which produce not 

only high tumorotropic but also low 

phototoxicity and removed completely from 

the body during several days. 

Previous studies have proven that Photolon has 

better therapeutic outcome with increased 

wavelength to match with its absorption peak 

because the photosensitizer can reach deeper 

localized lesions without increase of 

phototoxicity (Detty et al. 2004; Isakau et al. 

2008). Ali-Seyed et al. (2011) and others 

(Sobaniec et al. 2013) that proved that 

Photolon® preferentially localizes in 

intracellular organelles in the following 

sequence: nucleus, mitochondria, lysosomes, 

and Golgi apparatus. A study by Ali-Seyed et 

al. (2011) demonstrated that Photolon-PDT 

specifically inuced apoptosis in CT-26 cells, 

this apoptotic cell death implies 

physiologically correlates with low drug 

toxicity  Anticancerous properties of 

Photolon® were also proved in studies of other 

authors (Juzeniene, 2009; Trukhachova et al. 

2011). 

Both Ce6 and Photolon® have a shorter tumor 

accumulation time, more rapid clearance, and 

higher singlet oxygen generation efficiency, 

compared against first generation PS (Sharma 

et al. 2004; Horibe et al. 2011) and are 

activated by near-infrared wavelengths (eg, 664 

nm), enabling the molecule to reach deep tissue 

layers (Spikes, 1990), compare to 630-nm laser 

light used for Photofrin or porphyrins (Huang 

et al. 2011). Both of them are attractive PDT 

drug candidates because of (1) their high 

absorption in the red spectral region, and (2) 

their low cost to make compared to other 

porphyrin-based PDT drugs. Chlorin e6 and 

Photolon® exhibit advantageous photophysical 

properties for PDT like higher molar 

absorption in the near infra red spectrum and 

prolonged photoexcited triplet states. Previous 

studies have reported that local application of 

Photolon® in a form of an ointment/patch/oral 

rinse and subsequent irradiation with the laser 

light (665 nm) was effective in case of 

xenograft tumors and at the clinical trials 

(Coply et al. 2008; Cabrera et al. 2012). To 

support this claim, chlorin e6 based 

photosensitizers have recently received more 

attention due to their high photodynamic 

activity and therapeutic efficacy  (Trukhachova 

et al. 2011) against various cancers, including 

melanoma, bladder cancer, and nasopharyngeal 

(Chin et al. 2007; Thong et al. 2008; Ali-Seyed 

et al. 2011).  

 

Foscan/M-tetrahydroxophenyl chlorine 

(mTHPC)  
Foscan® (Biolitec Pharma Ltd., Dublin, 

Ireland/Germany) is a plant based chlorine 

derivative is a photosensitizing agent, which 

contains temoporfin. This drug shows 

increased singlet oxygen formation compared 

to porphyrins as well as high selectivity due to 

its high hydrophobicity leading to more 

incorporation in cells (Dobson et al. 2018). 

However, it is synthetically pure and can 

produce a rapid and significant photodynamic 

reaction (PDR), but its treatment time is very 

short in terms of seconds. Since the drug is so 

active that after infusion patients must stay in a 

dark room for 24 hours because light exposure 

including normal room light is sufficient to 

activate this drug and produce significant 

severe burn (dark toxicity). Although Foscan-

PDT is very effective and this PS found a 

special place for the treatment of primary and 

recurrent head and neck cancers (Meier et al. 

2017). The biggest disadvantage with Foscan-

PDT is so painful even under anesthesia for 

most patients who undergo Foscan 

illumination.  
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Mono-L-aspartyl chlorine e6 (NPe6) 

Marketed under different names such as 

MACE, LS11, NPe6, this derivative called 

Fotolon (RUE Belmedpreparaty, Minsk, 

Republic of Belarus); a plant-based chlorine 

(Spikes and Bommer, 1993) is a very effective 

agent to generate the photodynamic reaction 

(PDR). It has other generic branded names 

such as MACE, LS11, and NPe6. It is 

important to note that unlike Foscan, NPe6 do 

not cause dark toxicity and allows treatment 

time several hours after infusion (Aizawa et al. 

1987). Moreover, NPe6 allows same day 

infusion and therapy, which is very convenient 

for patients and practitioners. 

 

Radachlorin 

Radachlorin® (Rada-Farma) and 

Photoditazine® (Veta-Grand) are hydrosoluble 

chlorines produced in Russia (Ferreira et al. 

2008). Photoditazine® has only chlorine e6 in 

its composition, however Radachlorin® 

presents in its composition three types of 

chlorines e6 (90 – 95%), p6 (5 –7%), and other 

not published (1-5%). In Russia, Radachlorin® 

and Photoditazine® have beenused in clinical 

studies of PDT in malignant tumors of the skin, 

oral cavity, larynx, stomach, bronchus, 

esophagus, vulva and others (Mirzaei et al. 

2015; Ghoodarzi et al. 2016). Radachlorin-

PDT does not produce either local or systemic 

complications, and the treatment had good 

results without skin photosensitization. 

Radachlorin® also have few disadvantages like 

photo instability similar to other PSs such as 

porphyrins and phthalocyanines (Kochneva et 

al. 2010). This PS suffers degradation by light 

that can be visualized by decreasing of their 

initial absorption and fluorescence intensity 

(Kochneva et al. 2010) while in simple 

solutions and complex environments. 

 

Mechanism of Action 

PDT may be a promising treatment for patients 

with tumors. Despite recent advancements, the 

mechanism of its action  of many PS is poorly 

understood and is different from the cytotoxic 

effects induced by known antitumor drugs 

because the mechanism of the terminal effect 

of PDT is still subject to many research efforts. 

However, it is known that multiple factors play 

a role in governing the outcome of PDT as well 

as the effective mechanism of action of 

irradiated PS including chlorins (Dougherty, 

1998; Gupta et al. 2010). C6-PDT targets not 

only neoplastic cells, microvasculature and 

inflammatory and immune systems of hosts. It 

appears clear that the combination of all these 

components is required in order to achieve long 

term control of the tumor. Many well 

demonstrated results have suggested that the 

better outcome of  PDT treatment mainly 

depends on the type, concentration and 

intracellular localization of the photosensitizer 

(Oleinick et al. 2002; Seyed et al. 2011). In 

addition, light wavelength, light fluence and 

fluence rate are important to ensure sufficient 

oxygen availability and supply (Dougherty, 

1998; Sibata et al. 2000; Zhu and Finlay, 

2008). Besides the above, it is necessary to 

ensure sufficient light reaches target and how 

the PS interacts with cells subcellular 

localization in the target tissue or tumor and 

retain a certain time interval between its 

application and irradiation of the tested cells 

(Postiglione et al. 2011). Also, it depends to a  

significant degree on the conditions in which 

the photodynamic reaction takes place as they 

are crucial to determine the outcome of PDT to 

a certain extend (Buytaert et al. 2007, 

Misiewicz et al. 2009). 

For many PSs, mainly chlorins found 

mitochondria as an important sub-cellular 

target used in PDT because these PS able to 

induce mitochondia mediated apoptosis and 

cellular damage after illumination (Morgan and 

Osero, 2001). In most cases, it is accepted that 

the accumulation of a PS including Ce6 in 

mitochondria but less with endoplasmic 

reticulum (ER) (Merlin et al. 2003; Li et al. 

2014) leads to the activation of the apoptotic 

pathway in the cell. Kessel and Poretz (2000) 

reported that chlorin e6 (Ce6) was located to 

plasma membrane and/or mitochondria and  

later by Seyed et al. (2011) confirmed their 

findings and also reported some additional sub-

cellular targets including nucleus, lysosomes 

and Golgi apparatus. However, this study failed 
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to demonstrate both Ce6 and Photolon in ER. 

The molecular mechanism of Ce6-based PDT 

was not clear previously because most studies 

concentrate on tumor cells, but its detailed 

mechanism is mostly started clear now. The 

generation of highly reactive singlet oxygen 

and the formation of reactive oxygen species 

(ROS). The resulting oxidative stress leads to 

impairment of mitochondria and endoplasmic 

reticulum function and, consequently, to the 

execution of all kinds of cell-death programs, 

from classical apoptosis to programmed 

necrosis or autophagy (Buytaert et al. 2007; 

Kessel and Poretz 2000; Kessel et al. 1995; 

Seyed et al. 2011). Besides the above, chlorin-

PDT induce hypoxia by altering tumor 

vasculature, which lead too microvascular 

shutdown (Broekgaarden et al. 2015; Dang et 

al. 2017); and induce inflammatory and 

immune responses (van Straten et al. 2017).    

Programmed cell death or apoptosis is very 

often initiated by or related to loss of function 

by the mitochondria, which is reflected by a 

decrease in mitochondrial membrane potential 

(Elmore, 2007). Many studies observed 

significant impairment of mitochondrial 

potential in about 50% of the cells 3 h after 

PDT. It is known that the disruption of 

mitochondrial potential by free radical 

accumulation leads to cytochrome c (Cyt.C)  

release into the cytoplasm, which in turn 

activates caspase cascades, which include 

effector caspase-3 at the bottom. Moon et al. 

(2009) have shown an efficient antitumor 

activity of Ce6-induced PDT (Ce6-PDT) both 

in vitro and in vivo using a rat tumor model. In 

this study, three-week-old male Sprague-

Dawley (SD) rats were inoculated s.c. on the 

right flank with RK3E-ras cells. The animals 

administered (i.v) with Ce6 for 24 h and 

beyond, PDT was performed using a laser 

diode at a light dose of 100 J/cm2. Ce6-PDT 

induces apoptosis through the activation of 

caspase-3 and its downstream target such as 

PARP cleavage and the reduction of anti-

apoptotic bcl-2. The in vivo experiments, 

confirmed the above and demonstrated Ce6-

PDT led to a significant reduction of tumor 

size. These findings suggest that Ce6-PDT can 

effectively arrest tumor growth by inhibiting 

cell proliferation and inducing apoptosis.  

 

Conclusion 

In summary, currently, PDT has emerged as an 

alternative therapeutic options for a variety of 

malignant tumors. Photosensitizer chlorin e6 

and its synthetic counterparts have proven to be 

useful in designing PDT as most promising 

agents for clinical use against various types of 

cancer. Besides, various established 

investigations showed that PDT under 

conditions, which are optimal and effective on 

cancer treatment by inducing apoptotic cell 

death. However, one cannot rule out the 

possibility of potential complications of chlorin 

e6-based PDT in vivo, which targets multiple 

cell populations including normal cells if an 

inappropriate wavelength of light sources are 

used. Though a discussion of every prospective 

of chlorin PSs on their anti-cancer tested in the 

last few years is beyond the scope of any single 

review, yet the present review discussed mostly 

the anti-cancer prospects not the other 

important potentials like anti-microbial 

efficacy of this photosensitizer chlorin e6 and 

its synthetic counterparts.  
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