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Abstract: Photodynamic therapy has emerged as a non-invasive treatment modality for various diseases, 

leveraging photosensitizing compounds to induce localized cytotoxicity upon light activation. This review 

explores the isolation and characterization of photosensitizing compounds sourced from microalgae, focusing 

on their potential applications in photodynamic therapy. Microalgae represent a rich source of bioactive 

molecules, including chlorophylls, phycobiliproteins, and carotenoids, which exhibit inherent photosensitizing 

properties. Methodologies for the extraction and purification of these compounds from different microalgal 

species are discussed, emphasizing the importance of optimizing extraction techniques to enhance yield and 

purity. Characterization techniques such as UV-Vis absorption spectroscopy, fluorescence spectroscopy, and 

mass spectrometry are highlighted for elucidating the chemical structures and photophysical properties of 

isolated compounds. Furthermore, the review examines the photodynamic efficacy of microalgae-derived 

photosensitizers through in vitro and in vivo studies, assessing their cytotoxic effects on cancer cells and 

antimicrobial activity against pathogens. The integration of microalgae-derived photosensitizers into PDT 

protocols represents a promising avenue for developing sustainable and effective therapeutic strategies, 

underscoring the potential of these natural compounds in advancing biomedical applications. 
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1. Introduction 

Photodynamic therapy has emerged as a promising modality for the treatment of various types 

of cancers and other medical conditions [1]. This non-invasive approach involves the administration 

of a photosensitizing agent that preferentially accumulates within the target tissue, followed by 

exposure to a specific wavelength of light, resulting in the generation of cytotoxic reactive oxygen 

species and subsequent cell death [2][1][3]. In recent years, there has been a growing interest in 

exploring microalgae as a source of novel photosensitizing compounds for photodynamic therapy 

(PDT) applications. 

Microalgae are a diverse group of photosynthetic microorganisms that have the potential to 

produce a wide range of bioactive compounds, including pigments, lipids, and other secondary 

metabolites. These organisms have garnered attention due to their ability to produce a variety of 

photosensitizing compounds, such as chlorophyll derivatives, carotenoids, and anthraquinones, 
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which possess the necessary photophysical and photochemical properties for effective photodynamic 

therapy [4][1][5]. 

Several studies have evaluated the potential of semi-purified extracts from various microalgae 

strains as photosensitizers for photodynamic therapy. These extracts have been shown to exhibit 

significant effects on the viability of different tumor cell lines, decreasing it by as much as 95% for 

certain microalgae-derived constituents. [1][5]The fluorescence measurements and spectral 

intensities of these extracts have revealed characteristic features of their photosensitizing 

compounds, which can be activated by blue light, red light, or a combination of both. Additionally, 

the molecular, cellular, and tumor responses associated with photodynamic therapy, such as the 

subcellular and tumor localization of photosensitizing agents, have been extensively studied and 

discussed in the literature. [7][8][9][10][11] 

The use of engineered algae has also been explored as a potential oxygen-generating system for 

the effective treatment of hypoxic cancer [12]. 

Photodynamic therapy has been approved for the treatment of various cancers, including early 

and advanced-stage lung, digestive tract, and genitourinary tract cancers, in several countries since 

the 1990s [13]. The potential of microalgae-derived photosensitizers to enhance the efficacy and 

selectivity of photodynamic therapy is an area of active research, with promising results reported in 

preclinical studies.[6][7] 

Continued efforts to isolate, characterize, and optimize the use of microalgae-derived 

photosensitizing compounds may lead to the development of improved photodynamic therapy 

approaches for the treatment of various types of cancer and other medical conditions [6][1][12]. 

Microalgae have been recognized as a promising source of novel photosensitizing compounds 

for photodynamic therapy applications. Several studies have demonstrated the potential of semi-

purified extracts from various microalgae strains to exhibit significant effects on the viability of 

different tumor cell lines, with certain microalgae-derived constituents capable of decreasing cell 

viability by as much as 95% [1][12]. The photosensitizing properties of these extracts have been 

attributed to the presence of characteristic photosensitizing compounds, which can be activated by 

blue light, red light, or a combination of both. 

The use of photodynamic therapy for the treatment of various cancers has been approved in 

several countries since the 1990s, and the potential of microalgae-derived photosensitizers to enhance 

the efficacy and selectivity of this approach is an area of active research. Continued efforts to isolate, 

characterize, and optimize the use of these photosensitizing compounds may lead to the development 

of improved photodynamic therapy approaches for the treatment of a wide range of medical 

conditions [6][1][13]. 

Recent advances in the field of photodynamic therapy have sparked a renewed interest in the 

isolation and characterization of photosensitizing compounds from microalgae. The potential of these 

compounds to revolutionize the treatment of various cancers and medical conditions is a driving 

force behind ongoing research efforts.[5][14]One of the key areas of focus in this research is the 

identification and isolation of specific photosensitizing compounds from microalgae that exhibit 

potent cytotoxicity towards cancer cells while sparing healthy tissues. Scientists are employing 

advanced techniques such as liquid chromatography, mass spectrometry, and nuclear magnetic 

resonance spectroscopy to isolate and characterize these compounds at a molecular 

level.[6][16][17]Understanding the chemical structure and properties of these compounds is crucial 

in elucidating their mechanism of action and optimizing their efficacy for photodynamic 

therapy.[18][19][20]. 

Furthermore, the cellular and subcellular localization of these photosensitizing agents within 

tumor tissues is a subject of intense investigation. By utilizing fluorescence microscopy and other 

imaging technologies, researchers aim to gain insights into the distribution and uptake of these 

compounds in cancer cells. This knowledge is vital for enhancing the targeting and specificity of 

photodynamic therapy, thereby minimizing off-target effects and maximizing the destruction of 

malignant cells.[21][4][22][23] 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 July 2024                   doi:10.20944/preprints202407.2159.v1

https://doi.org/10.20944/preprints202407.2159.v1


 3 

 

The application of photodynamic therapy in the treatment of various cancers, including lung, 

digestive tract, and genitourinary tract cancers, has been approved in several countries since the 

1990s. This approval underscores the clinical efficacy and safety of this therapeutic 

approach.[13][11][24]However, the search for more potent and selective photosensitizing agents 

continues, with microalgae-derived compounds emerging as promising candidates.[13][25][4][1] 

In addition to the molecular and cellular aspects, studies are also delving into the tumor 

responses associated with photodynamic therapy using microalgae-derived photosensitizers. This 

includes analyzing the interaction of these compounds with the tumor microenvironment and 

understanding the cascading effects that lead to cell death upon light activation. Through in-depth 

characterization and understanding of these processes, researchers aspire to refine photodynamic 

therapy protocols and optimize treatment outcomes.[26][11][19][4] 

Overall, the isolation and characterization of photosensitizing compounds from microalgae for 

photodynamic therapy is a rapidly evolving field of research with significant implications for the 

treatment of various cancers and other medical conditions.[1][5][4][14]The continued efforts in this 

area hold the promise of developing more effective and targeted photodynamic therapy approaches 

that can improve patient outcomes and quality of life.[27][28][29] 

As the quest for novel photosensitizing compounds from microalgae continues, the potential for 

these natural sources to elevate the efficacy and selectivity of photodynamic therapy in the clinical 

setting becomes increasingly promising. With each discovery and breakthrough in the isolation and 

characterization of these compounds, the horizon of photodynamic therapy widens, offering new 

hope for improved treatment approaches for cancer and other medical conditions.[29][24][30] 

2. Investigating the Mechanism of Action for Enhanced Efficacy. 

In order to fully harness the potential of microalgae-derived photosensitizing compounds for 

photodynamic therapy, it is imperative to delve into the intricate mechanisms underlying their 

enhanced efficacy and selectivity. Researchers are delving into the molecular pathways through 

which these compounds exert their cytotoxic effects on cancer cells and the factors that contribute to 

their preferential accumulation within tumor tissues (Figure 1).[31] 

One of the key focus areas is the investigation of the subcellular localization of microalgae-

derived photosensitizers and their interactions with specific cellular organelles and biomolecules. By 

utilizing advanced imaging techniques, scientists are gaining insights into the distribution and 

uptake of these compounds within cancer cells, which is crucial for enhancing the targeting and 

specificity of photodynamic therapy [24][11][21]. 

Additionally, researchers are exploring the impact of these photosensitizers on the tumor 

microenvironment and the cascading cellular responses that lead to the selective destruction of 

malignant cells upon light activation. Understanding these complex interactions is essential for 

optimizing the treatment protocols and maximizing the therapeutic benefits of photodynamic 

therapy.[32][33][19] 

Ultimately, the continued efforts to isolate, characterize, and elucidate the mechanisms of action 

of microalgae-derived photosensitizing compounds will pave the way for the development of 

improved photodynamic therapy approaches that offer enhanced efficacy, selectivity, and clinical 

outcomes for patients.[1][5][34] 

Understanding the molecular pathways involved in the enhanced efficacy and selectivity of 

microalgae-derived photosensitizing compounds for photodynamic therapy is a multifaceted 

endeavor that requires a comprehensive approach. Researchers are delving into the intricate 

interactions between these compounds and the cellular components of tumor tissues to unravel the 

underlying mechanisms that drive their therapeutic potential.[35][36][37][38] 

One crucial aspect is the investigation of the subcellular localization of these photosensitizers 

and their interactions with specific organelles and biomolecules within cancer cells.[39][40][41] 

By utilizing advanced imaging techniques, such as fluorescence microscopy and confocal 

microscopy, scientists are gaining valuable insights into the distribution and uptake of these 

compounds within the tumor cells.[42][43] 
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This information is crucial for enhancing the targeting and specificity of photodynamic therapy, 

as it enables the optimization of treatment protocols to ensure the selective accumulation of the 

photosensitizers in malignant cells while minimizing off-target effects.[44] 

A critical aspect of this investigation is the subcellular localization of microalgae-derived 

photosensitizers within cancer cells. Advanced imaging techniques, including confocal microscopy 

and super-resolution microscopy, are being employed to visualize the precise localization of these 

compounds within specific cellular organelles such as mitochondria, endoplasmic reticulum, and 

lysosomes. By elucidating the subcellular distribution patterns, researchers aim to gain a deeper 

understanding of the cellular interactions that dictate the cytotoxic effects of the photosensitizers 

upon light activation.[45][46][47][48] 

Furthermore, the interactions of these compounds with specific biomolecules within the cellular 

milieu are being scrutinized. Proteomic and metabolomic analyses are shedding light on the 

molecular targets and signaling pathways modulated by the photosensitizers, providing invaluable 

insights into the complex network of cellular responses elicited upon their activation.[49][50] 

 

 

Figure 1. The effect of photosensitizers on cancer cells. 

Beyond the direct interactions within cancer cells, researchers are investigating the broader 

impact of microalgae-derived photosensitizers on the tumor microenvironment. By examining the 

interplay between the photosensitizers and stromal cells, immune cells, and extracellular matrix 

components, scientists seek to discern the dynamic changes that occur within the tumor milieu 

following photodynamic therapy. This includes unraveling the immunomodulatory effects triggered 

by the treatment and delineating the mechanisms that contribute to the localized destruction of 

malignant cells while preserving healthy tissue integrity.[51][52] 

Moreover, the cascading cellular responses initiated upon light activation of the photosensitizers 

are under intense scrutiny. From the generation of cytotoxic reactive oxygen species to the induction 

of apoptotic and necrotic pathways, researchers are aiming to unravel the sequence of events that 

culminate in the selective eradication of cancer cells while mitigating systemic adverse 

effects.[53][54][55][56][57] 

The in-depth exploration of the molecular pathways underlying the enhanced efficacy and 

selectivity of microalgae-derived photosensitizing compounds holds profound implications for the 

clinical translation of photodynamic therapy. By delineating the precise molecular targets and 

intracellular dynamics, researchers are poised to refine treatment protocols, optimize dosing 

regimens, and tailor therapeutic strategies to individual patient profiles.[58][59][60] 

Furthermore, this mechanistic understanding sets the stage for the design of next-generation 

photosensitizers with enhanced targeting capabilities, improved photochemical properties, and 

augmented biocompatibility. These advancements hold the promise of broadening the applicability 

of photodynamic therapy beyond cancer, encompassing diverse medical conditions where localized, 

precise therapeutic interventions are warranted.[61][62][63] 

In essence, the relentless pursuit of unraveling the molecular pathways for the enhanced efficacy 

of microalgae-derived photosensitizing compounds in photodynamic therapy stands to revolutionize 

the landscape of cancer treatment and beyond. Each revelation brings us closer to realizing the full 

potential of this promising therapeutic modality and improving the quality of life for patients across 

the globe. [61][64] 
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Studies on microalgae have shown promising results in the field of photodynamic therapy. The 

use of chlorella sp. in particular has garnered significant attention due to its potential in enhancing 

the efficacy and selectivity of photosensitizing compounds. With an increased focus on subcellular 

localization and molecular interactions, researchers are uncovering a wealth of information that 

could propel the development of improved photodynamic therapy approach [65] 

3. Chlorella sp. and Subcellular Localization 

The exploration of chlorella sp. and its role in subcellular localization within cancer cells has 

opened up new avenues for understanding the precise mechanisms at play. Cutting-edge imaging 

techniques, such as super-resolution microscopy, are providing insights into the specific cellular 

organelles where chlorella-derived photosensitizers accumulate. The visualization of these 

localization patterns is instrumental in enhancing the targeting and specificity of photodynamic 

therapy, thereby maximizing the therapeutic benefits while minimizing off-target effects. Figure 2 

shows which sensitizing substances are released from microalgae [66][67][68]. 

  
(1) Chlorophyll a (2) Chlorophyll b 

 

 
(3) β-carotene 

Figure 2. Sensitizing substances released from microalgae. 

Compounds (1, 2, 3) are usually present in different fractions or amounts depending on the 

chlorella strain and growing conditions. Each of these chemicals plays an important role, for example, 

in photosynthesis (chlorophylls), antioxidant protection (carotenoids, astaxanthin) and possibly in 

biotechnological applications due to their functional properties. [69][70] 

Various authors consider the main released substances from microalgae used in photodynamic 

therapy and their potential in modern clinical practice. 

Microalgae, as a source of biologically active substances, attract the attention of scientists and 

doctors due to their unique ability to photosynthesis and accumulation of useful compounds. In 
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recent years, special attention has been paid to substances isolated from microalgae, which have 

shown potential in photodynamic therapy. This approach to treatment, based on the activation of 

photosensitive compounds with light for the targeted destruction of tumor cells, opens up new 

prospects in the fight against oncological diseases and other pathologies. The photosensitizing 

substances that are released from Chlorella sp are listed below.: 

Chlorophyll a (C₅₅H₇₂O₅N₄Mg) (1) and Chlorophyll b (C₅₅H₇₀O₆N₄Mg) (2): 

Usually found in chloroplasts of chlorella cells. It is necessary for photosynthesis, the conversion 

of light energy into chemical energy. Chlorophylls are also being studied for their antioxidant 

properties and potential health benefits. [71][72] 

Chlorophylls are the most important pigments in photosynthesis, absorbing light energy to 

convert carbon dioxide and water into glucose and oxygen. Chlorophyll a is the main pigment in 

photosystems I and II, while chlorophyll b helps capture light energy and transfer it to chlorophyll 

A. 

The extraction of chlorophyll from chlorella usually involves solvent extraction (e.g., acetone or 

ethanol) followed by purification methods such as column chromatography or filtration. 

In addition to their role in photosynthesis, chlorophylls are used in food dyes, food additives 

(because of their potential antioxidant and detoxifying properties) and cosmetic products (because of 

their green color and potential benefits to the skin). [79][80][81] 

Carotenoids (β-carotene, C₄₀H₅₆) (3) : 

Found in fat-soluble chlorella fractions. Carotenoids act as antioxidants, protecting cells from 

oxidative stress. They also give chlorella a green color and are of interest as natural pigments and 

compounds that promote health. [73][74] 

Carotenoids are auxiliary pigments that play an important role in light absorption and 

photoprotection. β-carotene, in particular, acts as a precursor for the synthesis of vitamin A in animals 

and has powerful antioxidant properties. 

Carotenoids can be extracted from chlorella biomass using organic solvents (e.g., hexane, 

acetone) or supercritical liquid extraction methods. Purification includes methods such as 

chromatography or crystallization. 

β-carotene is used as a natural food coloring (E160a) and a dietary supplement due to the content 

of provitamin A. It also finds application in cosmetics and pharmaceuticals due to its antioxidant 

properties, which can help protect the body from oxidative stress and aging [82][83][84]. 

Astaxanthin (C₄₀H₅₂O₄) (4): 

Usually found in fat-soluble extracts. Astaxanthin is a powerful antioxidant and anti-

inflammatory agent. It is known for its bright red color and is used in aquaculture to improve the 

coloration of fish and crustaceans. It can also find potential applications in nutraceuticals and 

cosmetics due to its health benefits. [75][76] 

Astaxanthin is a xanthophyll carotenoid with powerful antioxidant properties, about 10 times 

stronger than β-carotene and 100 times stronger than vitamin E. It protects cells from oxidative 

damage and plays an important role in photoprotection. 

Methods such as extraction with organic solvents (e.g., acetone, methanol) or supercritical CO2 

extraction are used to obtain astaxanthin from chlorella. Chromatography or crystallization is usually 

used after purification. 

Astaxanthin is used in aquaculture to improve pigmentation of fish and crustaceans. It is also 

popular as a dietary supplement due to its potential benefits for the cardiovascular system, eye health 

and skin protection from ultraviolet radiation. Due to its antioxidant and anti-inflammatory 

properties, phycocyanin is used in cosmetology as an anti-aging agent. [85][86][87] 

  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 July 2024                   doi:10.20944/preprints202407.2159.v1

https://doi.org/10.20944/preprints202407.2159.v1


 7 

 

Phycocyanin (C₃₇H₆₄N₈O₁₆S₄) (5): 

A water-soluble pigment found in cyanobacteria, including some chlorella species. Phycocyanin 

is a blue pigment involved in the absorption of light during photosynthesis. It has antioxidant and 

anti-inflammatory properties and is used as a natural dye in food and cosmetics. It is also promising 

in medical research as a therapeutic agent. 

These chemicals are not only an integral part of the biological processes in chlorella cells, but 

also have important commercial and research applications. They are studied due to their antioxidant, 

anti-inflammatory and coloring properties, thanks to which Chlorella sp. a valuable source of natural 

compounds for various industries, including food, pharmaceutical and cosmetics. [77][78] 

Phycocyanin is a water-soluble pigment belonging to the phycobiliprotein family. It absorbs 

orange and red light and transfers energy to chlorophyll for photosynthesis. It also has antioxidant 

and anti-inflammatory properties. 

Phycocyanin extraction consists in the destruction of chlorella cells, followed by centrifugation 

or filtration to separate the pigment from the biomass. Further purification may include precipitation 

and chromatography. 

Phycocyanin is used as a natural blue food coloring (E163) in beverages and confectionery. Its 

antioxidant properties make it a valuable ingredient in dietary supplements to promote health and 

wellness. Research is underway on its potential therapeutic applications, including anti-cancer and 

anti-inflammatory properties [88][89][90]. 

The structural formulas of astaxanthin and phycocyanin are shown in Figure 3. 

 
(4)(Astaxanthin) 

 
(5)(Phycocyanin) 

Figure 3. Structural formulas of the main sensitizers isolated from microalgae. 

In addition to subcellular localization, the impact of chlorella sp. on molecular interactions 

within the cellular environment is a key area of investigation. By scrutinizing the interactions 

between chlorella-derived photosensitizers and specific biomolecules, researchers are gaining a 

deeper understanding of the complex network of cellular responses triggered upon light activation. 

This comprehensive analysis extends to the cascading cellular responses, including the generation of 

reactive oxygen species and the modulation of apoptotic pathways, ultimately leading to the selective 

eradication of cancer cells.[91][92][93] 

The profound implications of these findings extend to the clinical translation of photodynamic 

therapy. Armed with a detailed understanding of the molecular pathways and intracellular dynamics 

facilitated by chlorella-derived photosensitizers, researchers are poised to revolutionize treatment 

protocols and individualize therapeutic strategies. Furthermore, this knowledge serves as a catalyst 

for the design of next-generation photosensitizers that offer enhanced targeting capabilities and 
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improved biocompatibility, promising advancements that could expand the scope of photodynamic 

therapy beyond cancer treatment.[94][95] 

In summary, the continued exploration of chlorella sp. and its implications for photodynamic 

therapy holds immense potential to reshape the landscape of cancer treatment and beyond. With each 

revelation, we move closer to unlocking the full therapeutic potential of this groundbreaking 

approach, ultimately enhancing the quality of life for patients worldwide.[96][97] 

4. Isolation of Sensitizing Substances from Microalgae Using Column Chromatography. 

The exploration of microalgae for the isolation of sensitizing substances has gained traction in 

the field of photodynamic therapy. In particular, the utilization of column chromatography has 

emerged as a vital technique for the isolation and purification of these compounds from microalgae. 

This method allows for the separation of sensitizing substances based on their chemical properties, 

paving the way for a more comprehensive understanding of their structure and 

function.[98][99][100] 

Column chromatography enables the enhanced purification of sensitizing substances derived 

from microalgae by isolating individual components from complex mixtures. This process not only 

facilitates the identification of specific compounds but also aids in the characterization of their 

chemical properties, such as polarity, molecular weight, and composition. As a result, researchers 

can gain a deeper insight into the diverse array of sensitizing substances present in microalgae, laying 

the groundwork for their potential application in photodynamic therapy and other biomedical 

fields.[101][102][103] 

The isolated sensitizing substances obtained through column chromatography provide a unique 

opportunity to investigate their subcellular localization within cancer cells. By employing advanced 

imaging techniques and fluorescent labeling, researchers can elucidate the precise distribution of 

these compounds within cellular organelles, shedding light on their functional significance in the 

context of photodynamic therapy. This knowledge is instrumental in optimizing the targeting 

efficiency and specificity of these substances, ultimately enhancing their therapeutic efficacy while 

minimizing off-target effects.[104][105] 

Furthermore, the purification and isolation of sensitizing substances from microalgae lay the 

foundation for conducting comprehensive mechanistic studies to unravel their interactions with 

biomolecules and their impact on cellular responses upon light activation.[106][107][108] 

In conclusion, the employment of column chromatography for the isolation of sensitizing 

substances from microalgae represents a pivotal stride in advancing our understanding of these 

compounds and their potential applications in photodynamic therapy. Through meticulous 

purification and characterization, researchers are poised to uncover the intricate details that underpin 

the therapeutic capabilities of these substances, setting the stage for transformative developments in 

the field of cancer treatment and beyond.[109] 

In order to further advance the study of photosensitizing compounds derived from Chlorella 

sp., researchers have turned to column chromatography for the isolation of sensitizing substances. 

This technique allows for the separation of complex mixtures, enabling the purification of individual 

compounds based on their differential affinity for the stationary phase.[110][111][112] 

The isolation of sensitizing substances from Chlorella sp. through column chromatography 

presents a significant step towards characterizing the specific molecules responsible for the observed 

therapeutic effects. By obtaining purified compounds, researchers can conduct more targeted studies 

to elucidate the mechanisms of action, subcellular localization, and molecular interactions of these 

substances within the cellular environment.[113][114][115] 

The application of column chromatography not only aids in the identification and isolation of 

sensitizing compounds but also serves as a crucial preparative step for subsequent analytical 

techniques, paving the way for deeper insights into the potential of Chlorella-derived 

photosensitizers in photodynamic therapy.[116][117] 
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The authors A. G. Fasya, N. Millati, L. M. Rahmawati, R. Iyani, A. Hanapi, R. Ningsih, D. Yuliani 

and D. S. Megawati in their articles determined the toxicity and antioxidant activity in steroid 

compounds in petroleum ether in microalgae Chlorella sp. 

Chlorella sp. It was grown in a 4% medium with a sprout extract using a solvent - methanol. 

The fraction containing steroids was separated by thin-layer and column chromatography. And 

the level of toxicity and antioxidant analysis were determined by DPPH (2,2-diphenyl-1-

picrylhydrazyl). 

For column chromatography, the authors used a mixture of n-hexane and ethyl acetate in a ratio 

(4:1) as the mobile phase (eluent), while silica gel 60 (0.063-0.200 mm) was used as the stationary 

phase. The column diameter was 1.5 cm and the flow rate for elution was 1.5 ml/min. 

For the preparation of the stationary phase: 10 g of silica gel was activated at a temperature of 

110 ° C for 2 hours, then cooled for 15 minutes in a desiccator. An eluent was added to the silica gel 

and homogenized to form a suspension and sent to the column for 24 hours. The ethyl acetate fraction 

(0.1 g) was diluted in 1 ml of the eluent. The sample was placed in a treated column for elution. Every 

2 ml of eluate was taken into a vial in the form of a fraction. [118–120] 

As a result, the steroid compounds A2 - β-sitosterol, A8 - stigmasterin, A10 - campesterin and 

A12 - erythrodiol were found. 

β-sitosterol is used in various cosmetic and pharmaceutical products in the treatment of 

inflammatory diseases such as arthritis. 

Stigmasterine and campesterine are used to prevent cardiovascular diseases and other 

conditions associated with inflammation. 

Erythrodiol may have antitumor activity, which makes it potentially useful for cancer treatment. 

[121][122] 

A group of Yousef Sultan researchers in their articles obtained antifungal drugs from extracts, 

fractions, subfractions and pure compounds of Chlorella sp. to protect against various strains of 

mycotoxigenic fungi. [123] 

Chlorella sp. it was obtained in the Laboratory of Marine Toxins of the National Research Center 

of Egypt. [124] 

They used thin-layer and column chromatography to separate these compounds. And the level 

of toxicity and antioxidant analysis were determined by the DPPH method. [125–128] 

The diethyl ether extract was fractionated by column chromatography. To do this, a glass 

column (30 × 500 mm) was first filled with 5 g of anhydrous sodium sulfate, then 30 g of silica gel, 

using chloroform as a solvent carrier to obtain a suspension. Finally, 5 g of anhydrous sodium sulfate 

was added on top of the silica gel to prevent the column from drying out. A portion of diethyl ether 

(500 mg) diluted in 10 ml of chloroform was loaded into a column and passed through it at a rate of 

1 drop per second. 

The silica gel column was eluted with a solution of various mixtures (by volume) of chloroform: 

methanol (90:10, F1), (80:20, F2), (50:50, F3), (25:75, F4) and, finally, methanol 100% (F5) to obtain 5 

fractions. Fractions of 50 ml each were collected, evaporated under vacuum and stored for analysis 

of antifungal activity. Fractions F3 and F5 were dissolved in a mixture of chloroform:methanol (50:50) 

and methanol (100%), respectively, were passed through newly prepared columns. Each fraction was 

divided into 10 sub-fractions (5 ml each). [123] 

As a result, antifungal compounds were obtained: A. flavus, A. Parasiticus, A. Carbonarius, A. 

Ochraceus, F. Verticilioides, P. Verrucosum. 

They are used in medical research, for example, to study its genetics or to create infection models 

in the study of antimicrobial agents. They are known for their ability to produce mycotoxins such as 

aflatoxins, which can be harmful to human and animal health. Aflatoxins can lead to various diseases, 

including cancer. [129–136] 

Shinya Shibata and co-authors in their research obtained highly purified lutein using column 

chromatography on silica gel. [137] 

For the experiment, a spray-dried Chlorella sp. powder was used, which was obtained from 

Nihon Chlorella Co. Ltd. (Tokyo, Japan). 
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Column chromatography was performed using PUMP 540 and PREP UV-10V equipment 

(Yamazen Corp., Osaka, Japan). 

The crude carotenoid solution was concentrated to a yellow-orange residue using a rotary 

evaporator. This residue was dissolved in 100 ml of ether and an equal volume of hexane was added. 

After filtration, this solution was chromatographed on an instantaneous column (30 mm in diameter 

× 260 mm) on silica gel. The eluent flowed through the column at a pressure of 1-2 kg/cm2. First, the 

column was eluted with hexane to obtain a mixture of α and β carotene.When the elution of the 

carotene strip was completed, the eluent was replaced with hexane-acetone-chloroform (7:2:1 by 

volume). Fractions 1-3 were selected based on the absorption coefficient of ultraviolet radiation 

(fraction 1) or the color scale (yellow-orange, fractions 2 and 3). [138][139] 

As a result, lutein, α-carotene and β-carotene were obtained. They are used as dietary 

supplements to support vision, skin health and the immune system. Research shows that carotenoids 

can help prevent various diseases, including eye diseases and cancer. [140] 

Yen-Ju Lee and co-authors in their research received aminolevulinic acid for photodynamic 

therapy against pathogens and cancer cells. [141] 

To do this, they used a highly acidic cation exchange resin (Amberlite® IR 120) placed in a 

column (7.07 cm2, height 20 cm). First, the resin was immersed in 50 ml of 1.5 M HCl for 1.5 hours, 

then 50 ml of 1.5 M NaOH was added. 50 ml of 1.5 M HCl was passed through a column to obtain 

the H+ form. The resin was washed in distilled water once between each stage. Before adsorption, the 

microalgae solution was adjusted to a pH of 4.2-4.8 using acetate acid. 600 ml of the solution was 

applied to the column, and then 100 ml of distilled water was passed through it to wash out the 

residual medium. In this study, HCl, sodium acetate buffer and ammonia were used to study the 

effectiveness of microalgae desorption at various concentrations and pH. At the end, 85% phosphate 

acid was added to the desorbed solution and the pH was adjusted to 3.0. 

As a result, purified 5-ALA (5-aminolevulinic acid) was used to destroy cancer cells and 

pathogenic microorganisms, achieving an efficiency of 83% and 100%, respectively. 

5-aminolevulinic acid is used in photodynamic therapy to treat various dermatological diseases 

such as acne, rosacea and pigmented disorders. Patients are applied a thin layer of 5-ALA to the skin, 

which is then absorbed into the cells. After that, the area is irradiated with light of a certain 

wavelength, which leads to the activation of 5-ALA and the destruction of the affected cells. 

5-aminolevulinic acid (1) is used in some cancer diagnostic methods, such as urological cytology. 

It can help identify altered cells, including cancerous ones, in urine, blood and other biological 

samples. [142–147] 

The authors Feng Liang and other researchers in their articles isolated photosensitizing 

substances from microalgae Chlorella vulgaris for use in photodynamic therapy. [148] 

The Chlorella vulgaris strain was obtained at Guangyu Biological Technology (Shanghai, China) 

and cultured in BG11 medium. 

A group of Bing-Chung Liaua researchers in their research obtained extracts of carotenoids from 

microalgae with supercritical liquids and purified them from solvents. [149] 

The method of column chromatography was used to isolate the extracts. Freeze-dried 

microalgae (10.0 g) were thoroughly boiled in CH2Cl2 using a Soxlet apparatus. The extracts were 

concentrated under vacuum to obtain CH2Cl2 extract (0.85 g), and all extracts were dissolved in ethyl 

acetate and n-hexane (5:1). The solution was additionally chromatographed on a silica gel column (3 

cm in diameter × 25 cm in diameter) by elution of hexane, ethyl acetate. 

Each fraction of the eluent had a volume of 100-150 ml; a total of 12 fractions were collected. The 

fractionation of chemical components was monitored using thin-layer chromatography (TLC). The 

compounds collected from fractions 8-11 were additionally purified using a programmed gradient 

reverse-phase HPLC. 

As a result, zeaxanthin compounds were obtained. Zeaxanthin is a natural carotenoid that 

belongs to the xanthine class. This yellow-orange pigment belongs to a group of carotenoids called 

macular carotenoids, which play an important role in protecting the eyes and maintaining visual 
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health. Zeaxanthin is a powerful antioxidant that helps protect cells from damage caused by free 

radicals and oxidative stress. 

It is used to support visual health, protect against oxidative stress, improve skin condition, 

maintain heart and vascular health and bone health. [150–157] 

Victor Abrahamsson and co-authors in their research determined the content of carotenoids in 

microalgae Chlorella sp. using supercritical liquid extraction and column chromatography. [158] 

The separation of carotenoids using a sequentially connected column C18 and a column with 2-

ethylpyridine (2-EP) containing silicon dioxide was optimized by testing both methanol and ethanol 

as co-solvents, various profiles of the gradient of co-solvents, pressure, temperature and flow. The 

initial optimization was carried out using a mixture of 8 standard carotenoids, which are often found 

in microalgae and include astaxanthin, β-carotene, canthaxanthin, echinenone, lutein, neoxanthin, 

violaxanthin and zeaxanthin. 

As a result, carotenoids were isolated from microalgae using SFC. When combined in series A 

C18 and column 2-EP, a standard mixture of astaxanthin, β-carotene, canthaxanthin, echinenone, 

lutein, neoxanthin, violaxanthin and zeaxanthin was isolated in less than 10 minutes. 

Astaxanthin, β-carotene, lutein, neoxanthin, violaxanthin and zeaxanthin – all these substances 

belong to the class of carotenoids, which are pigments that provide the red, orange and yellow color 

of many plants, animals and microorganisms. 

Some studies show that carotenoids can have positive health effects, including protecting the 

eyes from age-related changes and reducing the risk of developing chronic diseases such as cancer 

and cardiovascular diseases. However, additional research is required to confirm these effects. [159–

166] 

The authors of Sonja Srdanovic in the article The photodynamic activity of 13-[2-(2-

pyridyl)ethylamine] Chlorin e6 photosensitizer in human esophageal cancer synthesized a pyridine-

substituted derivative of Chlorin e6 (Chlorin A) [167]. 

It has a characteristic long-wave absorption at 664 nm and a wavelength of radiation at 667 nm. 

The rate of formation of singlet oxygen in this compound is higher than that of Temoporphine. In 

vitro, chlorine has demonstrated higher phototoxicity to human esophageal cancer cells than 

Temoporphine, with lower toxicity in the dark. Its accumulation effect in mitochondria, lysosomes 

and endoplasmic reticulum has been traced in subcellular localization tests. With flow cytometry, 

obvious cell apoptosis was observed after 2 hours of irradiation. 

Chlorin A from dimethylpheophorbide was synthesized by nucleophilic addition of 2-

pyridylethylamine to the exocyclic ring. As a result of the reaction at room temperature in dry 

tetrahydrofuran, a separate product was obtained, which was purified using column 

chromatography. The synthesis of chloride a is shown in Figure 4. [168][169]. 

 

Figure 4. Synthesis of Chlorin A. 

Significant antitumor efficacy of photodynamic drugs in vivo has also been demonstrated in 

mice with esophageal cancer. Thus, Chlorin A can be proposed as a promising antitumor drug for 

photodynamic therapy. 
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As a result of PDT, necrotic lesions were found, which suggested that Chlorin A has optimal 

properties in PDT [167]. 

A group of Ying-Hua Gao researchers in the work “The photodynamic activities of dimethyl 13-

[2-(guanidinyl)ethylamino] Chlorin e6 photosensitizers in A549 tumor” synthesized two new 

dimethyl 2-(guanidinyl)ethylamino chlorin e6 photosensitizers and investigated their effectiveness 

during PDT in A549 tumors. It has been shown that compounds 3 and 4 have a long absorption 

wavelength in the near infrared region and strong fluorescent radiation with a low photobleaching 

rate [170]. 

Chlorin e6 diaminoethylcarboxamide was obtained by the interaction of dimethylpheophorbide 

a with ethylenediamine in accordance with the Smith technique. The reaction mechanism is shown 

in Figure 5 [171]: 

 

Figure 5. Obtaining Chlorin e6 by the Smith method. 

When amine 2 was guanidinylated with 1H-pyrazole-1-carboxomidine reagent 6, a guanidine 

conjugate of chloride e6 was obtained with a yield of 67%. Guanidine conjugate 3 can also be obtained 

in two stages of synthesis using the guanidinylation/de-protection sequence. In this synthesis 

method, guanidinylation of amine 2 using N,N0-di-Boc-1H-pyrazole-1-carboxomidine reagent 7 

[172] 

They showed lower cytotoxicity and higher photocytotoxicity in vitro compared to the well-

known antitumor drug m-THPC in the in vitro MTT assay. 

In the DCFDA analysis, it was found that intracellular generation is responsible for apoptotic 

cell death. Subcellular localization confirmed the site of damage to compounds 3 and 4 in PDT. These 

data suggest that two new photosensitizers may serve as potential photosensitizers to enhance the 

therapeutic effectiveness of PDT. 

Compound 3 showed better tumor inhibition than compound 4. This may be related to the 

metabolism of compounds in mice. Subcellular localization confirmed that compounds 3 and 4 cause 

severe intracellular oxidative processes, photodynamic damage in lung cancer cells is manifested in 

the destruction of cellular organelles such as mitochondria, lysosomal and endoplasmic reticulum. 

Thus, compounds 3 and 4, which are shown in Figure 5, can be potential photosensitizers for 

photodiagnostics and photodynamic therapy of cancer [173]. 
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Faiza Sajjad and co-authors in their article “Evaluation of antimicrobial photodynamic activities 

of 5-aminolevulinic acid derivatives” evaluated the antimicrobial effect of ALA derivatives using 

photodynamic therapy. In this study, the authors evaluated the aPDT effect of various 5-ALA 

derivatives. In vivo and in vitro studies were conducted to determine antimicrobial activity. To test 

the antibacterial effect of drugs, as well as to detect any physiological changes in animal models after 

treatment, various small doses and different concentrations of drugs were used. 

In vivo studies have shown that ALA-methyl ether, ALA-hexyl ether and ALA13A are powerful 

photosensitizers. In vitro studies evaluated wound healing rate, body weight and diet, and the results 

showed that ALA, ALA-methyl ether, ALA-hexyl ether and ALA-13A have good antibacterial 

properties, heal quickly and do not affect other physical parameters. 

All compounds were synthesized and their structures can be seen in Figure 6. Ps was dissolved 

in DMSO, and the excitation wavelength of PS was selected in accordance with the absorption 

spectrum. The PS irradiation was carried out using a light system (Nd: YAG) consisting of laser 

radiation, the lamps of which are evenly distributed in the device to ensure uniform irradiation of 

the plate. 

Both isolates were contained in Luria-Bertani-LB medium (trypton, yeast extract, NaCl) and agar 

in a solid medium. For experiments, these bacteria were individually seeded in 5 ml LB and grown 

aerobically overnight at a temperature of 37 °C. Each culture was collected after centrifugation at 671 

g for 10 minutes, washed twice with sterile distilled water and suspended in PBS. Cell suspensions 

were standardized using a spectrophotometer calibrated at a wavelength of 600 nm [174]. 
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Figure 6. Structural formulas of synthesized substances. 

5. Conclusion 

In conclusion, the isolation and characterization of photosensitizing compounds from 

microalgae holds great promise for advancing the field of photodynamic therapy. These natural 

sources have been found to harbor a wealth of potent photosensitizers capable of selectively targeting 

and destroying cancer cells upon light activation, with some extracts demonstrating up to 95% 

reduction in cell viability. 

The ongoing research efforts to identify, isolate, and elucidate the mechanisms of action of these 

microalgae-derived photosensitizers are crucial for unlocking their full potential in the clinical 

setting. By leveraging advanced analytical techniques and delving into the subcellular interactions 

and tumor responses, researchers are striving to enhance the efficacy and selectivity of photodynamic 

therapy, ultimately leading to improved treatment outcomes for patients. 

As the field continues to evolve, the integration of microalgae-derived photosensitizers into 

clinical practice holds the promise of revolutionizing the management of a wide range of cancers and 

other medical conditions. 

In addition, an important aspect is the ongoing deepening into the study of the mechanisms of 

action of these photosensitizers at the level of subcellular processes and interactions with the tumor. 

This line of research is aimed at improving the effectiveness and selectivity of photodynamic therapy. 

It is expected that such efforts will lead to improved patient outcomes, which is especially important 
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in the context of a wide range of cancers and other pathologies, where the prospect of a revolutionary 

change in therapy approaches is already outlined. 

Moreover, increasing attention is being paid not only to the identification and isolation of 

photosensitizers from microalgae, but also to understanding their effects at the molecular level. The 

use of advanced analytical methods allows researchers to delve deeper into the mechanisms of 

interaction of these compounds with cancer cells, which contributes to the development of more 

accurate and effective treatment strategies. Such efforts have the potential to revolutionize clinical 

practice and significantly improve the prognosis for patients suffering from various types of cancer 

and other serious diseases. 

In addition, active research is aimed at optimizing the processes of extracting photosensitizers 

from microalgae in order to increase their purity and concentration. This is important to ensure the 

stability and predictability of the results of photodynamic therapy in clinical practice. The 

development of new methods of analysis and diagnosis also plays a key role in the further progress 

of this field, contributing to a deeper understanding of the mechanisms of action and optimization of 

therapeutic protocols. 

Funding: This research is funded by the Committee of Science of the Ministry of Science and Education of the 

Republic of Kazakhstan (Grant No AP19677547 “Isolation of sensitizing substances used in photodynamic 

therapy from algae in reservoirs of Kazakhstan and study of their properties”). 

List of abbreviations 

PDT photodynamic therapy 

eg exampleli gratia 

2-EP 2-ethylpyridine 

DPPH 2,2-diphenyl-1-picrylhydrazyl radical. 

5-ALA (5-aminolevulinic acid) 

PS photosensitizers 

g gramm 

kg kilogramm 

etc et cetera 

ml milliliter 

i.e., id est 

ALA alanine 

DMSO Dimethyl Sulfoxide 

UV ultraviolet 

UV-Vis ultraviolet-visible 

PBS Phosphate Buffered Saline 

TLC Thin Layer Chromatography 

HPLC High Performance Liquid Chromatography 

DCFDA Dichlorodihydrofluorescein diacetate 
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