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Microalgae

Classification 

• Eukaryotes and procaryotes

• Estimate: 800,000 species

• Diverse range of morphologies and size

• Use : Cosmetology, Biofuel sector, Animal and Human nutrition

Red algal
(rhodophytes)

M. Borowitzka; 2018

Golden-brown algal 
(chromophytes)

Grenn algal 
(chlorophytes)

Blue-green 
(cyanophytes)

Photosynthetic organism

Khan., et al 2018

Morançais., et al 2018
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Microalgae in the human food and health

Human food

• Arthrospira (Spirulina)
• Chlorella
• Odontella aurita

Koyande et al., 2019

Nazih et al., 2018

EffectsBioactive compounds
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Polycyclic aromatic hydrocarbons (PAHs)

Oral : food
Respiratory : ambient air
Dermal

Incomplete combustion of organic matter

Natural
Anthropogenic 

EFSA 2008 ; IARC 2010, vol92 ; SCF 2002, Ineris 2003, 2006; Zedeck 1980; Korashy and El-Kadi., 2006 ; Burstyn et al., 2005 ; Xu et al., 2010 and 2013; Wogan et al., 2004

• Origin

• Source

• Exposure

Environmental pollutants
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• Inflammatory

• Apoptosis

• Membrane remodeling

• Release of extracellular vesicles
Tekpli et al., 2010; Serban et al., 2016; Banrwol., 2018 

Cellular toxic effects

• Carcinogenic

• Cardiovascular diseases

Polycyclic aromatic hydrocarbons (PAHs)

Pathologies
Lung
Bladder
Liver
Skin

Wogan et al., 2004; CIRC 2010; Xu et al., 2013

Benzo[a]pyrene : B[a]P
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Objectives

Benzo[a]pyrene

Normal cell

Ostreococcus
tauri

Phaeodactylum
tricornutum

Toxicity

Cell damage

? ?

Microalgae extract: 
Chemioprevention of B[a]P ?
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Experimental approach

H. Moreau

A. Vardi et al., 2008

• Green microalgae
• Marin origin
• DHA +++
• Carotenoids

• Diatom
• Marin origin
• EPA +++
• Fucoxanthin

Microalgae

Ostreococcus tauri (OT)

Phaeodactylum tricornutumn (PT)
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• Endothelials cells line : HMEC-1
Human microvascular endothelial cell line-1

Ades et al., 1992

Experimental approach

Cellular model

Microalgae Extracts production

Ethanol extract
Molecules of organic
(pigments, lipids …)
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Experimental approach

Treatment

Microalgal extracts

HMEC-1

Ostreococcus tauri (OT)

Phaeodactylum tricornutumn (PT)

• Cell viability
• Bioactivation enzyme
• Pro-inflammatory

cytokines 
• Apoptosis
• Extracellular vesicles

Treatment 24 hrs

Microalgal extracts

+/-

B[a]P
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Cell Viability

MTT test, treatment 24hrs B[a]P + microalgae
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IL-1β, treatment 24 hrs
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Apoptosis

Hoecht fluorescence stain, treatment 24 hrs
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OT inhibits apoptosis induced by B[a]P

Hoecht fluorescence stain, treatment 24 hrs
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200 – 1 000 nm 

40-200 nm

Extracellular vesicles (EVs)

Colombo et al., 2014 ; Cocucci et al., 2015

> 1 000 nm

Early
endosome

Tetraspanins

ESCRT

Lipids rafts

MVB

Plasma membrane

ILV

RNAm
microRNA

Enzyme

Phosphatidylserine
Sphingomyelin

Ceramide
Cholesterol

Cytosolic 
proteins

Cytoskeletal
proteins

Membrane 
proteins

Proteins

Nucleic acids

Lipids

40 - 1 000 nm
(EXO and/or MV)

Microvesicles (MV)

Exosome

Apoptotic bodies

Intercellular communication

Formation Composition

Function

• Markers of the physiological/pathological state of the cell: number and composition
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OT inhibits Extracellular vesicles production induced by B[a]P
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Conclusion and Perspectives

Microalgae extracts in chemoprevention ?

• Complex mixtures

• AhR and metabolism

• Pathways: NF-κB, Nrf2

• Synergic effets 

CYP1A1

Apoptosis

Inflammation
Il-1β, IL-8

O. tauri

Benzo[a]pyrene

O. tauri

O. tauri

P. tricornutum

EVsO. tauri

Metabolism ?
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