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Neutral lipids, also known as true lipids, are simple lipids that are produced by the dehydration 

synthesis of one or more fatty acids with an alcohol like glycerol. They lack any charged groups 

and hence they are known as neutral lipids. There are different types of neutral lipids present in 

the animal body, characterized on the basis of number and variety of fatty acids that is contained 

in the neutral lipid, for example, monoglyceride, which has one fatty acid combined with 

glycerol, diglyceride, which has two fatty acids combined with glycerol, or triglyceride, which 

has three fatty acids combined with glycerol (glycrine or trihydroxy propane) or trihydric 

alcohol. In the process of combining, three molecules of water are eliminated from the 

triglycrides. In yeast triacylglycerols and steryl esters comprise the major part of neutral lipids. 

Since substantial amounts of these neutral lipids cannot be incorporated into cell membrane, 

they are sequestered from the cytosolic environment as lipid particles (lipid droplets). Upon 

requirement, these lipids are mobilized from this compartment by triacylglycerol lipases and 

steryl ester hydrolases. These degradation products serve as energy sources and/or building 

blocks for membrane formation. In animals and humans, it is mostly found in the thigh and 

torso area, where they function to provide padding and insulation frequently required. Out of 

these lipids, triglyceride has got much attention because of its role in human health, some but not 

all, assume that triglycerides are a major cause of heart problem in human.  

 

Neutral lipids such as cholesterol esters and triglycerides are insoluble in water and essentially 

lack detergent properties, but they need to move from aqueous medium to cytosols. They need to 

be stabilized in aqueous medium, and therefore, they are found surrounded by a hydrophilic shell 

composed of phospholipids or serum lipoproteins or they are found encompassed by detergents 

and phospholipids (intestinal micelles), or they are found bound to amphipathic proteins (transfer 

proteins). A central biological conundrum has been the molecular bases of movement of these 

lipids into cells from such organized structures across the hydrophilic segment of the plasma 

membrane. For example, dietary lipid ingested as the fatty acid ester of cholesterol or of glycerol 

must be hydrolyzed before intestinal absorption can occur (1). Hydrolysis produces very 

hydrophobic compounds in an aqueous environment, and, currently, no cohesive hypothesis 

exists to explain transport of these molecules through an unstirred water layer and across the 

hydrophilic outer leaflet of the absorptive membrane after egress from micellar structures. 

The neutral lipids are identified and localized histochemically in a tissue section with the use of 

mainly two dyes, which are Sudan III and Sudan IV. The principles and methodology of staining 

neutral lipids by the help of these lipidochromic dyes are given following; 
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Sudan III Method 

It is a bis(azo) or diazo compound that is 2-naphthol substituted at position 1 by a 4-{[(2-

methylphenyl)diazenyl]phenyl}diazenyl group. It is a lysochrome or fat soluble dye 

predominantly used for staining triglycerides in animal tissues (frozen sections), but it may also 

stain some protein bound lipids in paraffin sections. It is less popular than Oil Red O as it has a 

more orange shade.  

Principle 

Sudan III is fat soluble dye and dissolves the fat after adding. It is prepared as a saturated 

solution in isopropanol for use as a fat stain in animal tissue. Tissues are counterstain for 5 

minutes in acid alum hematoxylin (approx. 0.1%). Fats will appear yellow orange in color and 

the nuclei will appear blue. The cytoplasm will appear green. 

Fixation  

The tissue aiming at lipid staining with Sudan III is fixed in formalin solution before going to 

tissue processing. Generally, paraffin embedding is not preferred for lipid identification; during 

the process xylene dissolves the lipid crystals from the specimen. Freeze formalin fixation is 

opted and done with following steps: 

• Specimen is placed in tissue cassette, wash in running water for 5 minutes.  

• Tissue is removed tissue cassette; blot well, removing all excess water from tissue.  

• Tissue is frozen according to tissue freezing manual. 

Frozen tissue sections are cut at 8 µm on adhesive slide solution. 

Equipment 

• Slides 

• 22mm square coverslips 

• Whatman #4 filter paper 

• Ceramic staining rack 

• Staining dish 

• Coplin staining jar 

• Forceps 

• Latex globes 

Reagents 

• Sudan III dye 

• Isopropyl alcohol 

• Hematoxylin 

• Potash alum 
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• Mercuric oxide 

• Dextrin  

• Aluminum sulfate 

• Sodium phosphate (Na2HPO4) 

• Gelatin  

• Glycerine 

• Phenol 

• Absolute alcohol 

• Distilled water 

Solution 

1. Sudan III solution 

• Prepared by dissolving 0.7gm of Sudan III in 95% ethanol or 99% isopropanol. 

Generally, isopropanol is preferred. 

• 6ml of this solution is diluted by adding 4ml of distilled water before use. 

2. Phosphate buffered saline (PBS) 

• Prepared by dissolving 8gm NaCl to the 800ml of distilled water in a container. 

• 200mg of KCl is added to the solution and then 1.44g of Na2HPO4 is added to the 

solution. 

• Thereafter, 245mg KH2PO4 is added to the solution and pH is adjusted to ~7.4pH. 

3. Hematoxylin solution 

• Prepared by dissolving 100 gm of potash alum in 800ml boiling water. 

• 4gm of hematoxylin is mixed in 60ml 10% ethanol (Shaken well to dissolve the 

hematoxylin). 

• The hematoxylin and ethanol solution is the mixed with potash alum solution. 

– hematoxylin is ripened in a mixture of an aqueous solution of ammonium alum and an 

alcoholic solution of hematoxylin i.e hematoxylin is oxidized to hematin. 

4. Glycerin gelly 

• Prepared by mixing 10gm of gelatin in 60ml of distilled water with gentle heating. 

• After dissolving of gelatin completely, 1.0ml of phenol is added in 70ml of glycerin. 

Procedure  

1. Dilute 6 ml of the stock solution of Sudan III with 4 ml of water. Incubate for 5-10 

minutes and then filter the solution.  

2. Stain thin frozen sections for 10 minutes with the diluted stock solution of Sudan III.  

3. Wash the sections with water.  
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4. Counterstain for 5 minutes in acid alum hematoxylin of approximately 0.1% strength.  

5. Place in 1% aqueous Na2HPO4 or in water, until a blue color is seen.  

6. Mount using a suitable aqueous mounting medium or glycerin jelly.  

Results 

Neutral lipids in the thin tissue section appears yellow orange or red in color and the nuclei 

appear blue due to nuclear hematoxylin stain, while cytoplasm appears stained with green colour. 

 

Sudan IV Method 

Sudan IV is a bis(azo) or diazo dye used the staining of neutral lipids, triglycerides and 

lipoproteins on frozen paraffin sections. It is also known as Biebrich scarlet red (Biebrich scarlet 

R) in its purified form, which should not be confused with the water-soluble Biebrich scarlet.. It 

was first introduced by Michaelis in 1901 as a stain for lipid. It is basically a dimethyl derivative 

of Sudan III, which makes it a deeper and more intense stain compared with Sudan III. However, 

it is also lysochromic dye with similar physical properties. 

Principle 

Like lipid molecules, Sudan IV is also not soluble in water. It is, however, soluble in lipids. The 

dark red alcoholic Sudan IV solution dissolve any possible lipids present in the tissue. If lipids 

are present in the tissue specimen, Sudan IV stain them reddish orange in colour. 

Fixation  

As applied in the fixation of histochemical analysis of lipids, the tissue section is fixed in 

formalin solution before going to tissue processing as discussed previously in the method 

describing Sudan III staining. Freeze formalin fixation is opted and done with following steps: 



5 | P a g e  

 

• Specimen is placed in tissue cassette, wash in running water for 5 minutes.  

• Tissue is removed tissue cassette; blot well, removing all excess water from tissue.  

• Tissue is frozen according to tissue freezing manual. 

Frozen tissue sections are cut at 8 µm on adhesive slide solution. 

Equipment 

• Slides 

• 22mm square coverslips 

• Whatman #4 filter paper 

• Ceramic staining rack 

• Staining dish 

• Coplin staining jar 

• Forceps 

• Latex globes 

Reagents 

• Sudan IV dye 

• Isopropyl alcohol 

• Hematoxylin 

• Potash alum 

• Mercuric oxide 

• Aluminum sulfate 

• Sodium phosphate (Na2HPO4) 

• Gelatin  

• Glycerine 

• Phenol 

• Absolute alcohol 

• Distilled water 

Solution 

1. Sudan IV solution 

• Prepared by dissolving 3.0gm of Sudan IV in 95% ethanol or 99% isopropanol. 

Generally, isopropanol is preferred. 

• Then, 260ml deionized water is added slowly to make the volume of 1 lit. 

•  

2. Phosphate buffered saline (PBS) 

• Prepared by dissolving 8gm NaCl to the 800ml of distilled water in a container. 
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• 200mg of KCl is added to the solution and then 1.44g of Na2HPO4 is added to the 

solution. 

• Thereafter, 245mg KH2PO4 is added to the solution and pH is adjusted to ~7.4pH. 

3. Hematoxylin solution 

• Prepared by dissolving 100 gm of potash alum in 800ml boiling water. 

• 4gm of hematoxylin is mixed in 60ml 10% ethanol (Shaken well to dissolve the 

hematoxylin). 

• The hematoxylin and ethanol solution is the mixed with potash alum solution. 

– hematoxylin is ripened in a mixture of an aqueous solution of ammonium alum and an 

alcoholic solution of hematoxylin i.e hematoxylin is oxidized to hematin. 

4. Glycerin gelly 

• Prepared by mixing 10gm of gelatin in 60ml of distilled water with gentle heating. 

• After dissolving of gelatin completely, 1.0ml of phenol is added in 70ml of glycerin. 

Procedure  

1. Fix frozen section slides in 10% formalin. 

2. Wash in phosphate buffered saline for 1 minute. 

3. Rinse section carefully in two changes of distilled water. 

4. Rinse in 70% denatured ethyl alcohol (70%). 

5. Stain in alcoholic Sudan IV solution for 10 minute.    

– Keep tightly capped to avoid evaporation.  

6. Wash thoroughly in distilled water. 

7. Counterstain with hematoxylin stain for 2 -3 minutes. 

8. Wash gently in several changes of tap water. 

9. Blot excess water from slide. 

10. Mount using a suitable aqueous mounting medium or glycerin jelly or Mount-Quick 

Aqueous Mounting Medium with gentle pressure.  

– Soak slide in warm water until coverslip is easily removed. 

– Blot excess water from slide.  

– Remount with new coverslip. 

Results 

Neutral lipids in the thin tissue section appears orange or red in color and the nuclei appear blue 

due to nuclear hematoxylin stain under microscope as depicted in figure below.  
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