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HISTOCHEMICAL IDENTIFICATION OF LIPID BY SUDAN BLACK B 

____________________________________________________________ 
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Lipids are heterogeneous groups of compound that contain hydrocarbon chain and function as 

structural components of cell membrane and it is an important component of living cells. 

Together with the carbohydrate and proteins, it can be regarded as main constituent of living 

cells. As it is made up of hydrocarbon chains, it is insoluble in water and soluble in alcohol, 

ether, and chloroform. Cholesterol and triglycerides are also lipids; they are easily stored in the 

body in fat cells, also known as adipocytes. It serves as a major source of energy and somewhere 

forms the basis of hormones. 

Lipids are of mainly three kinds, namely simple lipids, compound lipids and derived lipids. 

Simple lipids are mainly esters of fatty acids which includes fats such as esters of fatty acids and 

glycerols which is also called as triacylglycerols or triglycerides like lauric acid, palmitoleic 

acid, stearic acid, etc., and waxes such as esters of long chain fatty acids and long chain alcohols. 

Compound lipids are esters of fatty acids and alcohol that contain other group also in addition to 

hydroxyl group such as phosphatides like lecithin, cephaline, etc., and cerebrosides like 

phrenosin and kerasin i.e a a group of lipids which comprise the lipoproteins, glycolipids and 

phospholipids, while derived lipids are composed of hydrocarbon rings and a long hydrocarbon 

side chain such as saturated and unsaturated fatty acids, and alcohols like cholesterols as shown 

in figure below. 

 

In an animal, fats are generally stored in specialized cells known as fat cells or adipocytes. It has 

been thought that fat cells or adipocytes are developed from fibroblast –like cells from mesoderm 

with contributions from the lateral plate mesoderm and somites during the course of 

development. However, neural crest stem cells have also been suggested to be a source of 

subcutaneous adipocytes. In this sense, it is mesodermal in origin. Yet relatively little is known 

about adipocyte development because adipocytes are spread throughout the body, because of 

inherent difficulties in handling the enormous and fragile adipose cells, and because of historic 

reliance on cell culture models.  
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In adipocytes, minute droplets coalesce into a large droplet, leaving only a thin rim of cytoplasm, 

and nucleus is usually pushed to the side as it can be observed in the figure given below. There 

are two types of adipose cells or adipocytes in different tissue in the body, viz. white fat cells or 

white adipose cells and brown fat cells brown adipose cells. 

White Adipose Cells  Brown Adipose cells  

Most common Less common 

Unilocular - single, large lipid droplet Multilocular – many small droplets 

Large diameter (>100µ) Common in new-born 

Subcutaneous  Around kidney 

Omentum Neck 

Mesentery Mediastinum 

White adipose cells or white fat cells are common that contain a single large fat droplet, which 

forces the nucleus to be squeezed into a thin rim at the periphery. They have receptors for 

insulin, sex hormones, norepinephrine, and glucocorticoids. It is said that it constitutes as much 

as 20% of the body weight in healthy non-overweight in men, while 25% in non-overweight 

women. It acts as a thermal insulator, helping to maintain body temperature and produces 

hormone leptin (regulates adipose tissue mass through central hypothalamus by regulating 

hunger, food intake, etc.) and asprosin (shows glucogenic effect and stimulates liver to release 

glucose into the blood stream). 

Brown adipose cells or brown fats, on the other hand, are less common contain many small 

droplets. These are known to be of two types, one has comparatively large droplets of fats that 

share its origin with muscle cells, while the other has comparatively smaller droplets and 

stimulated by the sympathetic nervous system. Both of these brown adipose cells are found 

interspersed in while adipose tissue. These are abundantly found in new born baby and in those 

animals which undergo hibernation. Its main function is thermoregulation and produces heat by 

non-shivering mechanism of thermogenesis. 

These lipids are identified by various methods such as solubility (differentiation of lipids by their 

solubility in various solvents), examination by polarised light, reduction of osmium tetroxide, 

demonstration by fat soluble dyes, and histochemical methods.  
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In solubility methods (also known as Keili’s extraction), lipids are extracted from tissue 

samples with three changes over 24 hrs namely such as cold acetone for simple lipids, neutral 

lipids & cholesterol, hot acetone for compound lipids such as cerebrosides, hot ether for 

phosphatides such as lecithin and cephalin, hor chloroform and methanol for all lipids. Following 

extraction, blocks is hydrated through alcohol to water, frozen, cut and stained with Sudan black. 

Examination by polarized light: It uses refractility
1
 of lipid molecules which isotropic 

(monorefringent)
2
 shown by neutral fats and fatty acids, anisotropic (birefringent)

3
 shown by any 

crystalline lipid, and maltese cross (birefringent)
4
 shown by cholesterol esters. Phase contrast 

microscopy is also used to identify lipid molecules. 

 

Reduction by osmium tetroxide: Upon reduction by lipid, colourless osmium tetroxide (OsO4) 

becomes black osmium dioxide (OsO2) compound which is first applied by Marchi’s for 

degenerated myelin. Degenerate myelin contains oleic acid which is not oxidized by chrome salts 

and reduces osmium tetroxide to osmium dioxide. 

Fat soluble dyes: These dyes have a high affinity for fats, lipids, lipoproteins and triglycerides 

and includes oil red O, sudan II, sudan III, Sudan IV and sudan black B. Staining solutions of th- 

ese dyes are generally alcoholic. 

                                                           
1
 Refractility is a degree to which a cell or other structure is capable of refracting light. 

2
 Isotropic of monorefringence: Refracting light in the manner of an isotropic (single refracting medium), the 

refractive index is same on any direction of polarized light, and light bands are called I-bands. 
3
 Anisotropic birefringence: Refracting light in the manner of an non-isotropic transparent optical materials, the 

refractive index depends on the polarization direction, and light bands are called dark bands or A bands. 
4
 Maltese Cross: It is an interference figure formed by birefringent materials place between cross-linear polarizers. 

It is shown usually in hollow crystalline compound. 
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Oil red O is a diazo dye that demonstrates neutral lipids and fatty acids. It is usually dissolved in 

isopropanol and used for the staining of unfixed cut frozen sections and mounted in aqueous 

medium. It is also used to demonstrate glycolipids in paraffin section. It stains lipids and fatty 

acids powdery red in colour. 

 

Likewise, Sudan IV stains fatty acids and lipids in reddish to reddish brown in colour, osmium 

tetroxide stains lipids completely black in colour, and bromine – sudan black B method stains 

fatty acid and lipids in dark blue to blue black in colour. 

 

Before going to tissue processing and staining procedure, the tissue specimen needs to be fixed 

which differs from other compound due to its solubility in some of the fixative solution. 

Fixation 

For fixation, use formaldehyde mixed with calcium chloride (calcium immobilizes the 

phospholipids). But not all types of lipids demonstration require fixation, as some of the lipids 
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can be demonstrated without performing any fixation step. How different types of lipids differ in 

their fixation is explained below: 

1. For lipids like triglycerides, lecithin, sphingomyelin, unsaturated lipids, cholesterol 

esters, and plasmalogen
5
 phospholipids, after cryostat sectioning, no post-fixation is 

required. 

2. For lipids like free fatty acids, glycolipids, and phospholipids, staining of all lipids by 

the Sudan black method require post-fixation of 1 hour by calcium-formol in the 

refrigerator. 

3. For lipids like phosphoglycerides, staining of cholesterol and cholesteryl esters by 

Perchloric acid naphthoquinone method requires post-fixation by calcium-formol for at 

least one week in the refrigerator. 

Fixation of materials containing a high amount of neutral lipid droplets should be avoided as it 

will merge the lipid droplets. 

Sudan Black B method of staining of general lipid 

Principle 

The Sudan black method of lipid staining is modified protocol by Chiffelle & Putt that involves 

primarily physical processes in contrast to most staining procedures with chemical mechanisms. 

The dye is dissolved in a lipid solvent, and sections are treated with the dye-solvent solution. The 

dye is more soluble in the lipid in the tissue section than in the original solvent. The dye moves 

out of the solvent and stain the lipid molecules contained in the tissue. Boundary-surface 

adsorption plays a prominent role in the process. Chemically different lipids cannot be 

distinguished by this method. Propylene glycol is the dye solvent so the dye solvent does not 

dissolve out any of the tissue lipid. Aqueous mounting media like glycerin jelly is used to mount 

the stained slide because the organic solvents present in synthetic resins would dissolve the dye-

lipid complex. 

Fixation 

In Sudan black B method, tissue specimen is fixed in 10% buffered neutral formalin solution. 

Techniques 

• Paraffin sections are cut at 5µm. 

– Frozen sections are cut at 8µm. 

                                                           
5
 Plasmalogens are a unique class of membrane glyceophopholipids containing a fatty alcohol with a vinyl-ether 

bond at the sn-1 position, and enriched in polyunsaturated fatty acids at the sn-2 position of the glycerol 

backbone. Its functions are not well known, but it is said that it protects cell membrane from ROS. 
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Equipment 

• Magnetic stirrer 

• Whatman #4 filter paper 

• Slides 

• 22mm square coverslips 

• Ceramic staining rack 

• Columbia staining dish 

• Columbia staining jar 

• Forceps 

• Latex globes 

Reagents 

• Sudan black B 

• Isopropyl alcohol 

• Nuclear fast red 

• Dextrin  

• Aluminum sulfate 

• Thymol 

• Gelatin  

• Glycerine 

• Phenol 

• Absolute alcohol 

• Distilled water 

Solution 

1. Sudan black B solution 

• Prepared by dissolving 1.0gm Sudan black B in 70ml isopropyl alcohol on magnetic 

stirrer for 30 minutes. 

• Then, 0.3gm dextrin is dissolved in 30ml of distilled water and added this to the Sudan 

black B solution. 

• Finally, solution is mixed for 5 minutes and filter through Whatman #4 filter paper. 

2. Nuclear fast red solution 

• Prepared by dissolving 0.1gm of nuclear fast red in 100ml of 5% aluminum sulfate with 

slight heating. 

• Finally, solution is cooled, filtered, and few grains of thymol is added as a preservative. 

2. Glycerin gelly 

• Prepared by mixing 10gm of gelatin in 60ml of distilled water with gentle heating. 
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• After dissolving of gelatin completely, 1.0ml of phenol is added in 70ml of glycerin. 

3. Alcohol 50 %  

• Reagent alcohol ~50 ml  

• Deionized water ~50 ml  

4. Alcohol 70 %  

• Reagent alcohol ~70 ml  

• Deionized water ~30 ml  

5. Alcohol 80 %  

• Reagent alcohol ~80 ml  

• Deionized water ~20 ml  

Procedure 

1. Deparaffinize the tissue specimen. 

2. Hydrate to 70% alcohol. 

3. Airdry slides 

4. Place in Sudan black B solution for one to three hours. Check after one hour but first dip 

in 70% isopropyl alcohol. 

– For frozen section, starts from here and stain for 20 minutes at room temperature. 

5. Rinse thoroughly in two changes of 70% isopropyl alcohol. 

6. Wash with six changes of distilled water. 

7. Immerse the slides or tissue section in nuclear fast red solution for 3 minutes. 

8. Rinse in two changes of distilled water. 

9. Mount with glycerin jelly. 

Result 

Phospholipids in a tissue section stain with black or blue black in colour, other fat molecules also 

stain with black or blue black in colour (representative image is given above somewhere between 

the text), while nuclei stains with pink due to nuclear fast stain. 
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