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 Theoretical background. There are several stains for differentiation of dead 

and living eukaryotic cells. Skeletal formulae are shown for some of them in Fig.1-6.

 Methylene blue (MB) stain is used to highlight parts of plant, animal and 

blood tissue, bacteria and fungi. MB stains acidic cell parts (like nuclear DNA or 

RNA) blue and is a good counterstain with eosin Y. It can be substituted for Janus 

Green B stain or Carmine stain.  It is also used to differentiate between dead and alive 

cells of eukaryotes [1, 12]. Dead eukaryotic cells are stained quickly in blue. Yeasts 

living cells contain an enzyme that discolors (reduces) MB and they appeared 

unstained. However, dead cells are unable to reduce the oxidized MB and the cells 

are stained blue. MB can interfere with the yeast respiration as it picks up hydrogen 

ions made during the process. 

MB stains negatively charged molecules in the cell, including DNA and RNA. 

The dye is toxic, as it contains aromatic rings, one of which is heterocyclic, methyl 

groups and sold as chloride (Fig.1). So it is toxic, when ingested and it causes 

irritation when in contact with the skin and eyes. 

Erythrosine (disodium salt of 2, 4, 5, 7- tetraiodofluorescein, Fig. 2) is an 

organoiodine compound, a derivative of fluorone. It is cherry-pink synthetic, 

primarily used for food coloring (E127, Red No 3) [4, 22]. It is the disodium salt of 

2,4,5,7-tetraiodofluorescein. It has absorbance max at 530 nm in water and it is 

photodegradable. Gives pink cherry color to the dead, but not to alive eukaryotic 

cells. It is usable as dental plaque disclosing agent also [30]. High doses of the 

substance have been found to cause thyroid cancer in rats [11]. Its use is restricted in 

some countries, because of ability to cause health problems [4]. 

Trypan blue (TB) or Diamine blue, Niagara blue and Trypan red were first 

synthesized by P.Ehrlich in 1904. TB is a dye of cotton textiles industry [8]. In 

biomedical sciences, it is used to stain fungi, protists and to selectively stain dead 

tissues or separate cells in blue. Live cells or tissues with intact plasma membranes 

(PM) are not stained. Since PM are very selective in the compounds that pass through 

them, in a viable cell TB is not accumulated. However, it penetrates the PM of dead 

cells. Since live cells are excluded from being stained, the method is often called as a 

dye exclusion method. TB colors the dead cells in blue, but living cells with intact 

membranes remained uncolored. TB is so-called because it can kill trypanosomes, the 

sleeping sickness agents. An analog of TB, the suramin is used against 

trypanosomiasis now.  

https://en.wikipedia.org/wiki/Organoiodine_compound
https://en.wikipedia.org/wiki/Fluorone
https://en.wikipedia.org/wiki/Food_coloring
https://en.wikipedia.org/wiki/Salt_%28chemistry%29
https://en.wikipedia.org/wiki/Fluorescein
https://en.wikipedia.org/wiki/Nanometer
https://en.wikipedia.org/wiki/Photodegradation
https://en.wikipedia.org/wiki/Trypanosomes
https://en.wikipedia.org/wiki/African_trypanosomiasis
https://en.wikipedia.org/wiki/Suramin
https://en.wikipedia.org/wiki/Trypanosomiasis
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As we see from skeletal formula (Fig. 3), the TB contains toxic aromatic rings 

and some toxic side groups.  This dye may be a cause of certain birth defects such as 

encephalocele (cranium bifidum), a defect of neural tube development in fetus 

characterized by sac-like protrusions of the brain and its membranes through 

pathological openings in the skull [19]. 
 

 

 
 

Fig. 1. Methylene blue.  
By Calvero [3].   

 

 
Fig. 2. Erythrosine [9]. 

 
Fig. 3.  Trypan blue. By Smokefoot [27]. 

 
Fig 4. Propidium iodide. By K.Hoffmeier [13]. 

 
 

Fig. 5. Phloxine B. By Edgar [5]. 

 
Fig. 6. Rose Bengal. By Elbreapoly [6]. 

 

 
Fig. 7. Rose Bengal disodium salt [10]. 

https://commons.wikimedia.org/wiki/User:Hoffmeier
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 Propidium iodide (PI) is an intercalating agent and a fluorescent molecule 

that can be used to stain cells. It is positively charged in solutions (Fig. 4) and binds 

to negatively charged NA. It fluoresces in red at 488 nm. Used as a DNA stain for 

both: in flow cytometry to evaluate cell viability or DNA content in cell cycle studies 

and in microscopy to visualize the nucleus and other DNA-containing organelles. PI 

also binds to RNA. The treatment with nucleases (RNA-ase or DNA-ase) followed by 

PI staining allows to differentiate between RNA and DNA containing material [28]. 

It can be used to differentiate necrotic, apoptotic and normal cells [16]. It penetrates 

plasma membrane in dead cells only, providing red fluorescence of nuclear regions of 

dead cells. Alive cells are not stained. 

Phloxine B (PB) is used as coloring agent for drug, cosmetics [7] and food [14]. 

It has 4 bromine and 4 chlorine atoms in its structure. The absorption and emission 

maximums of the compound are around 540 nm and 564 nm, respectively. PB is an 

antimicrobial [25], viability dye and stain in hematoxylin-phloxine-saffron method to 

color the cytoplasm or connective tissue in red [2].  

PB is negatively ionizes in water and binds to positively charged cell 

components. When PB is light subjected, debromination occured, free radicals and 

singlet oxygen are formed. These damage bacteria irreversibly, causing cell growth 

arrest and death [26]. Gram-negative bacteria are PB-resistant due to the outer cell 

membrane, a polysaccharide-coated lipid bilayer, a permeability barrier that prevents 

efficient PB uptake. 

In cell count, the number of fluorescent (i.e. dead) cells observed can be 

compared to the total number of cells to give a measure of mortality [20]. 

Rose Bengal (RB) is 4,5,6,7-tetrachloro-2',4',5',7'-tetraiodofluorescein. RB has 

been proved as antimicrobial sealing and collagen fibers linking agent for wounds 

[18, 21, 23], which fasters the healing process [15].
 
A RB forms are also being in 

clinical trials as remedy for melanoma, eczema, psoriasis [24] and breast cancer [17].  

Its sodium salt (Fig. 6) is used to stain damaged cells of conjunctiva or cornea of 

the eye in pink. The stain is also used as protoplasm stain in microscopy to 

discriminate between alive or dead cells, particularly in protists Foraminifera [29].  

Experiment 1. Differentiation between living and dead cells of yeast 

 Materials. Glass microscope slides and cover slips, light microscope,  pipette, 

sterile tubes, sterile tap water, paper towel, laboratory gloves, bakery yeasts 

(Saccaromyces cerevisiae), methylene blue solution (1%).  

Method 

1. Pour 3-4 ml of sterile tap water in a tube. 

2. Dissolve the approximately 5 mg yeasts in it to produce suspension about 10
5
-10

8
 

cells/ml (the frame of the window should be visible through it). 

3. Make drop preparation of it on glass with use of cover slip.  

 

4. Using the smallest magnification objective, check if suspension is not too 

concentrated for easy calculation of the cells. If so, make ten-fold dilutions of the 

suspension. 

5. Methylene blue is toxic. Wear gloves! Add a drop of methylene blue solution from 

sides of the cover slip. 

https://en.wikipedia.org/wiki/Intercalating_agent
https://en.wikipedia.org/wiki/Fluorescence#Biochemistry_and_medicine
https://en.wikipedia.org/wiki/Molecule
https://en.wikipedia.org/wiki/Staining_%28biology%29
https://en.wikipedia.org/wiki/Cell_%28biology%29
https://en.wikipedia.org/wiki/Flow_cytometry
https://en.wikipedia.org/wiki/Viability_assay
https://en.wikipedia.org/wiki/Cell_cycle_analysis
https://en.wikipedia.org/wiki/Necrosis
https://en.wikipedia.org/wiki/Apoptosis
https://en.wikipedia.org/wiki/Cell_%28biology%29
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6. Allow several minutes for cells to stain. Remove the excess of liquid by touching 

side of the coverslip with edge of paper towel. 

7. Recognize the round and oval dead dark-blue or living non-stained cells as it is 

pictured in Fig. 8. 

 

 
 

Fig. 8. Methylene blue stained Saccharomyces cerevisiae cells. The nuclei of just 
died cells turned blue, the cytoplasm is less stained yet. Later whole dead cells develop 

blue color. By B.M.Sharga. 
Magnification 600 ×. 

 

8. Calculate the average percentage of dead cells by dividing their average number 

onto total average number of cells into several fields of view and multiplying the 

result by 100%:  

Dead cells % = (dead cells number mean/total number of cells mean) × 100% 

9. Make conclusion from the observations about viability of cells in bakery yeasts 

and provide an explanation of staining results. Draw a picture of dead and alive 

cells in your note. 

Experiment 2. Staining of squamous epitelium cells from human throat lining 

Materials. Glass microscope slides and cover slips,  sterile individually packed 

cotton swabs,  paper towel, laboratory gloves,  methylene blue solution (1%).  

Method 

1. Scrape gently the inside of your mouth cheek by sterile cotton swab. 

2. Smear the cotton swab on the microscope slide. 

3. Methylene blue is toxic. Wear gloves! Pipet a drop of methylene blue solution and 

position a coverslip over it. Remove the solution excess by touching side of the 

coverslip with edge of paper towel. 

4. Place the slide on the microscope stage, position objective 9× or 10× and find the 

best field of view with the cells. Then observe cells from outer layer of squamous 

epithelium of your cheeck at higher magnification using the objective 40×. The 

small blue dots and rods on their surface are cocci and rod-shape bacteria from 
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residential flora of throat or transient microbes from food. You might see the cells 

as in Fig. 9. 

 

 
 

Fig. 9. Squamous epitelium cells from human throat lining. Note bacteria on the 
surface of the cells. By D.B.Pylypiv. 

Magnification 600 ×. 

 
5. Buccal cells continually secrete mucus and together with saliva from salivary 

glands maintain a moist environment in the mouth for digestive enzymes to thrive. 

Recently, researchers have discovered that the cheek cell can serve to measure a 

person's likelihood of having hypertension.  

What can you tell about viability of buccal cells pictured on Fig. 9?  
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