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Introduction

Haematoxylin is the most widely used natural dye in histotechnology. It will stain tissue components such as myelin, elastic and collagenic fibres, muscle striations, mitochondria and so on, but its most common application is as a nuclear dye in the standard H&E, the primary staining method for tissue section analysis.

Haematoxylin is obtained from the logwood, Haematoxylon campechianum, a tree of the order Leguminosae (Genus Eucaesalpinieae) and so named because of the reddish colour of its heartwood (from the Greek haemato, blood, and xylo, wood) and young leaves.1 There are several varieties of Haematoxylon but H. campechianum gives the best coloured wood. The tree, which can grow up to 15 metres, is indigenous to Central America (particularly the Campeche and Yucatan regions of Mexico) but is grown commercially in the West Indies. The heartwood is very hard and heavy and may vary from dark orange to purplish red.2
The crude product is obtained from the chipped heartwood by hot water or steam, purified by ether extraction, dried and recrystallized from water.3-6 Alternatively, the aqueous extract is precipitated from solution with urea.7 The crude logwood product also contains tannins, resins, quercetin and a small amount of volatile oil.2,8 Haematoxylin can be produced synthetically9 but the natural product is still the agent in common use.

Extracts of logwood were originally taken to Europe (by the Spanish) after the invasion of Mexico by Cortes in 1520, although it was used as a dye in the Americas before this time. The Spanish also recognized that the colour of the dye could be altered by mixing with other agents including iron alum (black), potash alum (blue) and salts of tin (red).10 The dye was being used in England by 158011 and is mentioned by Robert Hooke12 as a colouring agent for fluids.

Waldeyer13 is frequently credited with having introduced haematoxylin as a biological stain,14-17 using it unsuccessfully to stain neuronal axons. However, mention of haematoxylin as a specimen dye is made in Quekett's 1848 reference on microtechnique and it is possible that Reichel used it as early as 175818 In these first attempts, however, haematoxylin was used only as a direct dye and the results were poor.

Indeed, the potential for haematoxylin in histology may never have been realized had not Böhmer,19 inspired by the textile industry, combined a metallic mordant with haematoxylin to stain tissues adequately. Although the formulation that Böhmer proposed is no longer in use, coupling haematoxylin with a mordant is still the major form in which the dye is used.

After Böhmer's discovery the histological use of haematoxylin evolved rapidly, eventually overtaking carmine as the stain of choice for standard preparations. Numerous formulations using various metallic mordants were devised, many of which‑although modified‑are still in use. The more enduring examples include the methods of Delafield,14 Ehrlich,20 Mayer21 and Harris,22 which were mordanted with aluminium; those of Weigert,23 Weil,24 Verhoeff25 and M. Heidenhain,26 which use iron as the mordant; and that of Mallory,27 which mordants with tungsten.

Structure and characteristics

Some of the physicochemical properties of haematoxylin are given in Table 5.2.1. In the pure form haematoxylin is a colourless or slightly beige powder which gives a colourless solution in water.28 Commercially available haematoxylin is rarely this pure,29-30 although some manufacturers do specify a minimum dye content, which may be as high as 95%.

The structural formula for haematoxylin (see Chapter 5.1, Fig. 5.1.6) was originally described in the early 1900s.31-32 Later studies have largely confirmed this view,5,9,33 and also indicate that the molecule may not be planar.34-35
Pure aqueous haematoxylin cannot stain. The active staining agent is not the principal substance but rather an oxidation product, haematein (see Chapter 5.1, Fig. 5.1.6).

Formation of haematein

Haematein can be produced naturally through exposure to air and sunlight or UV light (a process referred to as 'ripening') although the reaction may take three months or longer. Examples of naturally ripened preparations include Delafield's and Ehrlich's.

The use of a chemical oxidant significantly quickens the process but does carry a risk of developing ineffective reaction products, and may also produce a solution with a shorter shelf life than the naturally ripened dye. Various agents can be used as oxidants,33,36 including potassium permanganate, iodine, sodium iodate, sodium periodate, potassium periodate, hydrogen peroxide or mercuric oxide. Of the more common formulations, Mayer's and Ehrlich's utilize sodium iodate, whereas Harris' preparation relies upon both vigorous boiling and addition of mercuric oxide to generate haematein.

Although chemical oxidation can produce a working dye virtually immediately, it must be performed carefully to avoid over‑oxidizing the haematoxylin. Several substances are produced as a consequence of excessive oxidation, although the most significant is a quinone‑carboxylic acid (Fig.5.2. 1), referred to as oxyhaematein.28,33 Using the exact amount of oxidant necessary will generally prevent over‑oxidation, but it should also be noted that oxidation does not end immediately haematein is formed but continues with exposure of the solution to air. In addition, although some argue to the contrary,29 haematoxylin powder may oxidize during prolonged storage,30,33,37 and the use of such material as though it were fully reduced will unavoidably give rise to over‑oxidation products.

One means of avoiding this problem has been to use half the normally required amount of chemical oxidant.17 The 'half‑oxidized' solution produced has a greatly extended shelf life since unoxidized haematoxylin forms a reservoir which, through natural ripening, gradually replaces haematein that is over‑oxidized or exhausted by staining.

The rate of oxidation is also influenced by the nature of the solvent. Haematein forms rapidly in alkaline solutions but slowly in an acidic environment. Adding alcohol and glycerol will further slow oxidation;" alcohol also acts as a preservative.39
ASSESSING HAEMATEIN CONTENT

The activity of the final staining solution can be assessed by several means, including refractometry,40 thin‑layer chromatography30 and spectroscopy 29,41 although using the solution to stain a tissue section is probably the most immediately indicative test. Spectrophotometric analysis of a freshly pre​pared, aqueous solution of pure haematoxylin shows a maximum absorp​tion at about 290 nm. As the solution ages, two peaks, one at 445 nm and the other at 560 nm, begin to appear. With further oxidation there is a reduction in the height of these two bands, with that at 560 nm often diminishing more markedly. Over time these peaks continue to decrease in intensity and may disappear altogether, while a new broad band develops at about 390 nm.

The actual spectra obtained from spectrophotometric analysis depend upon the pH and composition of the solutions tested. Haematein becomes increasingly unstable below pH 5 and undergoes irreversible over‑oxidation above pH 10. Within this range the absorbance at 445 nm steadily decreases with increasing pH (alkaline solutions develop a bluish tint), while the band at 560 nm gradually rises.42 The isosbestic point is at 486 nm.35 The absorption bands at 445 nm and 560 nm probably represent the neutral and monoanion forms of haernatein, respectively, as these exist in equilibrium at low concentration. The appearance of the band at 390 nm indicates the development of over‑oxidation products.35
The addition of aluminium (at a constant pH), commonly used as a mordant for haematein, has the effect of increasing the absorbance and hence darkening the solutions.43 In this case haematein is indicated by a band at 430 nm, while a 560 nm peak represents the absorption maximum for the alum haematein complexes.35,43 Palmer & Lillie28 noticed that the ratio between the absorbance peaks at 560 and 430 nm rises to over 3.0 during oxidation and remains between 3 and 4 throughout the effective life of the stain. Solution decay was signalled by a fall in the A560/A430 ratio to as little as 0.5.

The use of haernatein itself as the primary stain to avoid many of the problems associated with its generation from haernatoxylin 44 has not been successful largely because of the poor solubility of haernatein in water and ethanol. The purity of commercially available haematein also varies significantly,29,39,45 precluding its use on a regular basis.
Haematoxylin as a stain

As described earlier, haematoxylin cannot stain but must be oxidized to haematein (usually at an acid pH) which acts as the dye. (Despite this, the staining solution formed is still traditionally referred to as haematoxylin.) However, even at this stage except for a few applications, direct staining is unsuccessful and it is necessary to include a mordant for haernatoxylin to stain tissues effectively. The combination of mordant and dye is known as a 'lake' and in the case of haematoxylin‑mordant such lakes are often positively charged, behaving as cationic dyes at low pH. Various metal salts have been used as mordants with haernatoxylin, but only those containing aluminium, iron or tungsten are still in common use.

Aluminium haematoxylin

Complexes between aluminium and haematoxylin are called haemalums or alum haematoxylins. The aluminium is usually provided by adding ammonium or potassium aluminium sulphate, but sodium alum can also be used. Aluminium salts are not oxidants and therefore in preparing alum haematoxylin it is necessary to include an oxidizer (or use a naturally ripened solution of haernatoxylin).

The molecular configurations of the dye‑mordant (D‑M) structures which occur have not been completely resolved. There is general acceptance that 1:1 (D:M) cationic chelates46 do form in the dye solution, which also contains free haematein and aluminium ions. Additionally, there is evidence that a 1:2 (D:M) cationic species41,43 develops in the presence of excess metal ions rather than the 2:1 (D:M) possibly anionic34 chelate traditionally advanced.46-47
Recently, Bettinger & Zimmerman41 have suggested that several cationic dye complexes existing at low pH contribute to the reddish colour typical of acidified alum haernatoxylin solutions. With mild alkaline treatment these complexes are converted into a neutral chelate which gives a blue colour. These structures can be continually regenerated by reversing the acid‑alkaline condition, with the solution colour successively changing between red and blue.

When used to stain tissues, cationic D‑M complexes are attracted to negatively charged sites, displaying a particular affinity for polyphosphates.48 In the case of alum haematoxylin complexes, the major tissue binding site is thought to be the phosphoric acid residue in nucleic acid (nuclear DNA/cytoplasmic and nucleolar RNA) with the linkage, at least initially, being electrostatic and occurring through the aluminium ion (Fig. 5.2.2).41,43,49,50 The pH of the staining solution also influences this reaction and glacial acetic acid can be added (following the practice of Ehrlich) to enhance nuclear staining.17,38-39 This occurs because the pH of such acidified solutions (around pH 2.0‑3.0) is higher than the isoelectric point of nucleic acids (pH 15‑2.0) which will thus express a negative charge` and more readily attract and bind the cationic dye lake.

The bond formed between alum haematoxylin and tissues is unusual in that it cannot be broken by ethanol, as normally occurs with cationic dyes. This may be a function of differential solubility in alcohol,47 but it is also thought that the stability of the bond is due to a change from an ionic to covalent linkage.41,49,52
Under the appropriate conditions (high haematein concentration, pH not too low), an alum haematoxylin solution will stain cationic proteins such as the histones associated with nucleic acid.34,43,53-54 In this case it is likely that anionic forms of free haematein and alum haematoxylin are responsible for the reaction.

PROGRESSIVE AND REGRESSIVE STAINING

Alum haematoxylin solutions can be used as either progressive or regressive stains. Solutions such as Mayer's, Harris' and Gill's, in which the mordant to dye ratio is between 8 and 16 to 1 (referred to as the critical quotient ratio)` or greater (and provided that the pH is around 2.5) will in principle tend not to overstain and can be used progressively (although the strong concentration of haematein used in Harris' haematoxylin does lead to overstaining). Maintaining a high mordant content has the further advantage of favouring nuclear‑only staining.54 Progressive reactions provide a mechanism for highly selective staining but often require extended reaction times to maximize dye‑tissue binding and produce sections of high contrast.

On the other hand, as regressive techniques are designed to overstain, solutions can be prepared so that only brief staining is required. For example, if the mordant quotient is kept below the critical level (by using relatively more dye) the solution will not only stain nuclei but also a range of tissue components including cationic proteins and some mucosubstances. Preparations such as Ehrlich's, which fall into this category, therefore require differentiation to achieve acceptable nuclear staining. Removal of excess dye needs to be carefully controlled, frequently microscopically, but even with this step the regressive approach often takes relatively less time and is generally favoured for this reason.

Differentiation can be achieved in one of two ways. Placing the section in a solution containing aluminium ions in great excess will have the effect of drawing dye away from the tissue‑bound aluminium and redistributing it into the differentiating solution.49 This process of mordant differentiation will eventually remove all dye from the tissue. Consequently, decolourization needs to be controlled (microscopically) and at the appropriate level slides must be washed in water to halt the process.

More commonly, sections are differentiated using a weak acid solution (normally prepared in 70% ethanol to improve control over the dif​ferentiation). The acid competes for anionic sites breaking the tissue​mordant bond.` Although microscopic control is again necessary, acid differ​entiation is generally quicker, particularly if large numbers of slides are being stained at the same time.

In both types of differentiation stain is removed from all tissue components at more or less the same rate. Structures which bound more dye initially will retain more and remain coloured for longer. Differentiation is discontinued when only the structures of interest (usually nuclei) are still clearly visible. Over‑differentiation can be corrected by washing out the differentiator and returning the sections to the haematoxylin solution.

The use of acid as the differentiator also favours the reddish form of haematein, both soluble and bound. Although the dye complexes are stable in this form it has become standard practice to convert haematein to the blue complex, as this contrasts more effectively with various anionic counterstains. This process of 'blueing' requires that sections be washed in a solution of pH>5.0.43 In most cases ordinary tap water will suffice, but may take a few minutes. Virtually instantaneous conversion can be obtained with a weak ammonia solution, a dilute solution of lithium carbonate or Scott's tap water substitute.55
Alum haematoxylin solutions have become the standard, universal means of staining cell nuclei for microscopic examination. Practically every section of normal and diseased tissue will be examined and presumptively identified using an alum haematoxylin to colour nuclei. The major disadvantage of alum haematoxylin as a stain is its susceptibility to acids, which limits the range of counterstains that can be used. Alum haematoxylin staining is also influenced by other factors, including the concentration and age of staining solutions as well as the fixation and processing to which the tissue was subject. Nevertheless, staining with alum haematoxylin is an immensely versatile procedure and, with experience, results that are consistent in intensity and effect can be achieved.

Haematoxylin And Eosin Staining Of Paraffin Sections

SECTION PREPARATION

Most standard tissue fixatives are
 suitable. Cut sections at 3‑4 µm.

REAGENTS REQUIRED

1 Ehrlich's haematoxylin (after Ehrlich20)

haematoxylin (Cl 75290) 
6 g

absolute alcohol
300 ml

distilled water
300 ml

glycerol 
300 ml

glacial acetic acid 
30 ml

ammonium or potassium aluminium sulphate 30 g

sodium iodate 
0.9 g

Dissolve the haematoxylin in the alcohol before adding the other ingredients in the order given. Then mix the solution overnight. The addition of sodium iodate artificially ripens the haematoxylin so that it may be used immediately. Alternatively, sodium iodate  can be deleted and the mixture ripened by exposure to warmth and sunlight for approximately two months. The naturally ripened form has a longer shelf life.

Harris Alum Haematoxylin (after Harri22)

haematoxylin (Cl 75290) [*] 2.5 g

absolute alcohol
25 ml

distilled water
500 ml

ammonium [*] or potassium alum 50 gm
mercuric oxide (yellow) [*]
1.25 g

Dissolve the haematoxylin [*1 in the absolute alcohol. Dissolve the alum in water, using heat if necessary. Mix the two solutions, rapidly bring to the boil and carefully add the mercuric oxide a little at a time. Cool rapidly by immersing the flask into iced water. The addition of 20 ml of glacial acetic acid is optional but gives sharper nuclear staining; this must be added just before use and the stain filtered. The solution is ready for staining as soon as it is cool.

Or

Gill's haematoxylin17
Distilled water
730 ml

Ethylene glycol
250 ml

Haematoxylin (CI 75290)
2 gm

Sodium iodate
0.2 gm

aluminium sulphate
17.6 g

glacial acetic acid 
20 mi

Combine the reagents in the order given and mix for 1 hour at room temperature. The stain can be used immediately.

Or

Carazzi's haematoxylin (after Carazzi56)
haematoxylin (Cl 75290) [*1
0,5 g

potassium iodate
0.01 g

potassium alum
25 g

glycerol [*1
100 m[

distilled water
400 mi

Combine haematoxylin and glycerol Dissolve the potassium iodate in a little of the water and prepare the alum using the remainder. Mix the haematoxylin and alum solutions and then carefully add the potassium iodate.

2. Differentiator

1% hydrochloric acid in 70% alcohol

3. Alcoholic eosin solution

95% alcohol 


3.91

eosin Y (CI 45380)
5 g

phloxine B (CI 45410)
0.5 g

glacial acetic acid [*1
20 mi

4. Ammonia water

0.04% aqueous ammonia

METHOD


1 . Dewax and re‑hydrate sections.


2. Place in haematoxylin solution for 5‑10 minutes.


3. Wash sections in running water.

4. 
Differentiate sections in 1 % 
acid‑alcohol and then wash well in water. Repeat if more stain
needs to be removed. This step 
requires microscopic control to ensure that only nuclei are stained.

5. 
Rinse ('blue') in ammonia 
water (or similar) for 1 minute.

6. 
Rinse sections briefly in distilled water.

7. 
Counterstain in eosin for 2‑5 
minutes.

8.
Wash well in water.

9. Dehydrate, clear and mount in neutral mounting medium.

RESULTS

Nuclei
blue

Cytoplasm, red blood cells and connective tissue
shades of pink

Iron haematoxylin

Solutions of haematoxylin which incorporate iron as the mordant are effective not only as nuclear stains but will also demonstrate many other structures, including muscle striations, various cellular inclusions and organelles (particularly mitochondria), myelin, keratin, some mucosubstances and elastic fibres. No single iron haematoxylin method will display all of these com​ponents and most (regressive) procedures require selective differentiation to identify specific structures. Since the dye lake is normally dark blue to black, iron haematoxylin techniques applied appropriately can provide staining of exceptional contrast which is particularly suited to photomicrography.

Ferric ions in the form of ferric chloride or iron alum (ferric ammonium sulphate) are normally used as the mordant, although staining is also effective with ferrous salts.57 The interaction between the ferric ions and haematoxylin is not fully understood. It is clear, however, that ferric ions will act as oxidant as well as mordant, and consequently iron haematoxylin solutions, once prepared, rapidly deteriorate as the oxyhaernatein content increases. The effective staining life of these solutions is thus very short. It is also necessary to keep iron haematoxylin solutions strongly acidic both to enhance nuclear staining (see previous discussion) and to prevent precipitation of the dye lake.38,58
The strategies for preparing and applying iron haematoxylin solutions to avoid or minimize these difficulties have changed little since their original development and can be divided into two broad categories, sequence and combined.

SEQUENCE TECHNIQUES

With this approach sections are treated initially in the ferric salt solution, washed and then transferred to the haematoxylin bath. Partially ripened haematoxylin can be used, but it is not essential as tissue‑bound ferric ions will oxidize haematoxylin and generate haematein. Separating iron and haematoxylin solutions ensures that the haematoxylin has a long shelf life: however, these two‑stage procedures are somewhat lengthy.

The bond between iron haematoxylin and tissues is apparently more stable than that formed with alum haematoxylin, particularly in terms of resistance to acid attack.52 As with alum haematoxylin, nucleic acids appear to be a major binding site for ferric ions, with phosphoric acid groups being the likely receptor.59 Proteins, including nucleoproteins, are also thought to be target sites binding to either lysine and arginine residues` or other points carrying suitably spaced carboxyl and hydroxyl groups.34,59
The most notable sequence iron haematoxylin method is that of Martin Heidenhain,26 I which is a modification of the afterchroming procedure (in which the stain is applied before the mordant) pioneered by his father, Rudolf Heidenhain.60 Sections are jet black when removed from the staining solution and successive brief washes in the differentiator (a ferric salt solution) are necessary to demonstrate individual tissue features (mordant differentiation). Colour is lost because metallic ions in solution draw haematein away from the bound form. Over‑differentiation can be corrected simply by restaining with haematoxylin, since the bound iron is still retained by the tissue.34
In practice, differentiating Heidenhain's haematoxylin can be difficult because the rate of colour loss tends to accelerate with time. Also, even with careful control the final staining is often quite patchy (Fig. 5.2.3). The basis for this mottling is not clear, but it may relate to permeability effects,61 the level of dye bound initially, or the number of bonds between the dye and the tissues.59
Heidenhain's Iron Haematoxylin (after Heidenhain26)

SECTION PREPARATION

Adequate results can be obtained with tissues fixed in formalin, Susa's fixative, Bouin's fluid and usually with chrome fixatives such as Zenker's, but these may require longer times. Cut sections at

3‑4 µm.

REAGENTS REQUIRED

1. Iron alum  solution

ferric ammonium sulphate 
(violet crystals)
5 g

distilled water



100 ml

2. Haematoxylin solution


haematoxylin (CI 75290) 



0.5 g


absolute alcohol




10 ml


distilled water




90 ml

This solution must be allowed to ripen for 4‑5 weeks.

METHOD

1.
 Dewax and re‑hydrate sections.

2. Transfer to the iron alum solution for 30‑35 minutes at 56oC or at room temperature for 12‑24 hours.

3. Rinse rapidly in water.

4. Transfer to the haematoxylin solution and leave for 30‑35 minutes at 56oC or at room temperature for 12‑24 hours.

5. Rinse rapidly in water.

6. 
Differentiate in 5% iron alum.

7.
 Wash the slide in running water for 5 minutes.

8. Counterstain if required.

9. Dehydrate, clear and mount.

RESULTS

The following tissue elements may be demonstrated in the order given, depending upon the degree of differentiation employed: 

mitochondria, cross‑striations of muscle fibres, cytoplasm, nuclear membrane, yolk, chromosomes, chromatin, nucleoli and centrioles - black

ALUM HAEMATOXYLIN ‑ CELESTIN BLUE62
This is a sequential procedure which uses an alum haematoxylin but renders it acid resistant. Sections are treated first with a solution of celestin blue B (an oxazine dye) and iron alum (ferric ammonium sulphate). After rinsing in water, sections are stained in alum haematoxylin (Mayer's haemalum is effective) which combines with the tissue‑bound celestin blue‑ferric alum to produce a celestin blue‑ferric alum‑haemalum complex that is highly stable in the presence of acid.58 This method is used frequently to substitute for iron haematoxylin as a nuclear stain in trichrome procedures (which use acidic counterstains) since differentiation is not required and the ingredients have a relatively longer shelf life.

Mayer's Haernalurn ‑ Celestin Blue (after Lendrum & WFarlane62)

SECTION PREPARATION

Formalin fixation is suitable. Cut sections at 3‑4 pm.

REAGENTS REQUIRED

1. Celestin blue solution
iron alum 
2.5 g

distilled water
50 ml

celest[n blue (CI 51050) 
0.25 g

glycerin 
7ml

Dissolve iron alum in distilled water overnight at room temperature and then add celestin blue. Boil for 3 minutes, filter when cool and add glycerin.

2. Alum haematoxylin (Mayer's is given)

haematoxylin (Cl 75290) 



1.0 g

distilled water



1.0l

potassium or ammonium alum 


50,0 g

citric acid 



1.0 g

chloral hydrate 



50,0 g

sodium iodate 



0.2 g

The haematoxylin, potassium or sodium alum and sodium iodate are dissolved in distilled water. The chloral hydrate and citric acid are added and the mixture boiled for 5 minutes, cooled and filtered. The stain is ready for immediate use.

3. Differentiator

0.25% hydrochloric acid in 70% alcohol [*]

METHOD

1. Dewax and re‑hydrate sections.

2. Stain nuclei in celestin blue 
solution for 10 minutes.

3. Rinse in water.

4.
 Stain with alum haematoxylin for 10 minutes.

5.Rinse in water.

6. Apply counterstain as required.

RESULTS

Nuclei- black

COMBINED (SINGLE SOLUTION) TECHNIQUES

Combined techniques are those in which mordant and haematoxylin are prepared as separate solutions and mixed immediately before use. It is important that correct quantities be used in preparation, as these working solutions are inherently unstable and their effective life is quite brief.

Common examples of combined iron haematoxylin methods include those of Weigert and Weil. Weigert's iron haematoxylin is often used as a nuclear stain when applying weakly acidic counterstains (such as van Gieson's stain63). Nevertheless, the iron haematoxylin ‑ tissue link which forms is not absolutely stable and excess bound dye can be removed with a suitable acid differentiator. Weigert's haematoxylin can also be used progressively as a nuclear stain, provided that sufficient acid or ferric ions are added to ensure selectivity.

Weigert's Haematoxylin and van Gieson's Stain

SECTION PREPARATION

Formalin fixation is suitable. Cut sections at 3‑4 µm.

REAGENTS REQUIRED

1. Weigert's iron haematoxylin

Solution A:

haematoxylin (CI 75290) 

1 g

absolute alcohol


100 ml

Solution B:

30% aqueous ferric chloride 

4ml

distilled water


100 ml

hydrochloric acid 

1 ml

Mix equal parts of solutions A and B immediately before use.

2. van Gieson's stain

saturated aqueous picric acid 
100 ml

1% acid fuchsin (CI 42685) 
10 ml

The above quantities may be prepared and kept as a stock solution, but it is better to use a freshly prepared solution containing 5 ml of saturated aqueous picric acid and 0.75 ml of 1 % acid fuchsin, which gives more precise and sharp staining.

3.
Differentiator

1 % hydrochloric acid in 70% alcohol

METHOD

1 .Dewax and re‑hydrate sections.

2. Stain with Weigert's haematoxylin for 40 minutes.

3. Wash in water.

4.
 Differentiate in 1% acid‑alcohol.

5. Rinse ('blue') in ammonia water or similar and then rinse in distilled water.

6. Cover the section with van Gieson's stain, and leave for 45 seconds to one minute. Flick off the stain.

7. Air‑dry.

8. Clear and mount.

RESULTS

Nuclei - blue black

Collagen - bright red

Cytoplasm, red blood cells - yellow

Weil's stain will demonstrate myelin with the likely binding site being phospholipid.53 It is a regressive technique which uses two differentiation steps. The first, mordant differentiation, removes the bulk of the stain. After washing in water sections are placed in a borax‑ferricyanide solution which oxidizes bound dye to a colourless end product (oxidant differentiation). This second stage must be carefully monitored to ensure that the myelin is left with adequate colour.

VERHOEFFS HAEMATOXYLIN

Verhoeff's technique is a single‑solution iron haematoxylin to which iodine has been added. It was developed primarily as a stain for elastic fibres (Fig. 5.2.4) but will also demonstrate nuclei and myelin 14 and can be adapted for electron microscopy.65‑7
The technique is regressive (using ferric chloride as the differentiator) and, unless carried out carefully, stain can be removed from the smaller fibres. Sections can be repeatedly stained and differentiated if necessary, which means that results tend to be variable and highly subjective.

The role of iodine is unclear. It has been thought to act in converting haematoxylin to haematein, but since the iodine appears to prolong the staining life of the solution it is more likely to have an anti‑oxidant effect. 64 The iodine may also function as a trapping agent for the dye lake, 68 possibly through complex formation with'the metallic component. The staining mechanism is probably by way of hydrogen bonding between hydroxyl groups in the dye and carbonyl groups in the tissue, although specific reactive sites have not been identified.

Verhoeffis Method25
SECTION PREPARATION

Most fixatives are suitable. Cut sections at 3‑4 µm.

REAGENTS REQUIRED

1. Verhoeffis haematoxylin

5% alcoholic haematoxylin (5 g haematoxylin, CI 75290, in 100 ml absolute alcohol
30 ml

10% ferric chloride
12 ml

Verhoeff's iodine
12 ml

(Prepared by mixing (in the order given) 2 g of iodine and 4 9 of potassium iodide in 100 ml of distilled water.)

2. Lugol's iodine

Prepared by mixing 1 g of iodine and 2 g of potassium iodide in 100 ml of distilled water.

3. 5% sodium thiosulphate

4. Differentiator

2% ferric chloride

METHOD

1. Dewax and re‑hydrate sections.

2. Cover the section with Lugol's iodine for 5 minutes.

3. Wash in water.

4. Treat the section in sodium 
thiosulphate for 2 minutes.

5. Wash in water.

6. Stain in Verhoeffis haematoxylin solution for 15‑30 minutes (until the sections are jet black).

7. Wash in water.

8. Differentiate in ferric chloride [*] (if too much stain is removed sections may be replaced in haematoxylin solution).

9. Wash in water and then in 95% alcohol to remove the iodine staining.
10. Wash in water for 1 minute.

11. Counterstain if required (van Gieson's stain for 45 seconds to 1 minute is recommended).

12. Air‑dry (if van Gieson's stain is used).

13. Clear and mount.

RESULTS

Elastic fibres and nuclei - 
black to blue‑black

Cytoplasm and muscle - yellow

Collagen - red

Tungsten haematoxylin

Solutions of haematoxylin mordanted with tungsten are quite unique in that the single solution gives two staining colours (reddish‑brown and blue). The most widely used preparation is that developed by Mallory.27.69
Although originally intended for neuroglial fibres, a range of other structures can also be stained by Mallory's method. These include nuclei, centrioles, mitochondria, fibrin, red blood cells (RBC), cardiac and skeletal muscle striations, myelin and some microorganisms, all of which stain blue, while collagen, reticular and elastic fibres, cartilage and bone matrix appear reddish‑brown.39.70-71 The most useful application for the procedure in histopathological diagnosis is in detecting striational changes in muscle disease and neuroglial (astrocytic) changes in lesions of the CNS.72 A major advantage of the technique over iron haematoxylin in staining muscle striations is that, being progressive, it requires no differentiation and thus determination of the staining end‑point is not entirely arbitrary.

The tungsten is usually in the form of phosphotungstic acid (hence the common abbreviation PTAH‑phosphotungstic acid haematoxylin). This is not an oxidant and staining solutions only become active through natural ripening of the haematoxylin. Alternatively, haematein or chemically oxidized haematoxylin, which provide solutions of immediate but brief activity, can be used.

The lake formed between haematoxylin and tungsten is thought to contain anionic 1:2 M:D complexes,73 but the basis for the two‑coloured staining characteristic is not known. A metachromatic effect in which orthochromatic red colour (absorption maximum at 560 nm) gives rise to the blue (absorption maximum at 610 nm) on reaction with tissues has been suggested.74 Conversely, a polychromatic mechanism is proposed based on chromatographic evidence which indicates separate blue, red75 and yellow76 components in the staining solution.

The mechanism of PTAH staining in tissues is also unclear, but various target sites have been implicated.74,76,77 The differential permeability of tissue structures to the dye complexes is also probably involved, as the molecular size of the red fraction appears to be larger than the blue.77
Fixation in Zenker's fluid followed by treatment of sections with potassium permanganate is usually recommended for optimal results.78 The potassium permanganate may augment dye retention in the tissues,68 but the use of Zenker's fixative is not essential.53 Staining may be enhanced by mordanting sections in iodine solutions, iron alum or saturated mercuric chloride.71
Mallory's Phosphotungstic Acid Haematoxylin (PTAH)27,69
SECTION PREPARATION

Formalin fixation is suitable. Cut sections at 3‑4 µm.

REAGENTS REQUIRED

1. Haematoxylin solution


haematoxylin/haematein (Cl 75290)
1 g


phosphotungstic acid


20 g


distilled water


1 l

Dissolve the haematein and the phosphotungstic acid separately in distilled water, using gentle heat. When cool, combine the solutions and make up to 1l. If haematoxylin is used it can be ripened immediately by adding 0. 177 g of potassium permanganate or by exposing the solution to light and warmth for 5‑6 weeks.

2. 
2.5% potassium dichromate in 5% acetic acid
3. Lugol's iodine

4. 5% sodium thlosulphate

5. 0.25% potassium permanganate

6. 2% oxalic acid

METHOD

1 Dewax and re‑hydrate sections.

2. Sensitize overnight in acetified potassium dichromate solution.

3. Wash in running water for 5 
minutes.

4. Treat with Lugol's iodine for 5 
minutes.

5. Wash in water.

6.
Treat with sodium thiosulphate solution for 1 minute.

7. Wash in water.

8. Treat with potassium 
permanganate for 10 minutes.

9. Wash in water.

10. Treat with oxalic acid for 1 minute.

11. Wash in water.

12. Stain in PTAH solution at 56oC for 1‑3 hours.

13. Wash in water and replace in PTAH if understained.

14. Dehydrate, clear and mount.

RESULTS (Fig. 5.2.5)

Nuclei, centrioles, neuroglia, fibrin and cross‑striations of muscle fibres - blue

Collagen, reticulin and bone, ground substance - yellow to red

Other mordants

There are many other metallic salts which form coloured complexes with haematoxylin.79 Several of the more notable forms, described below, are applied only infrequently, having been confined to the role of special staining solutions.

CHROMIUM

Chrome alum haematoxylin preparations stain lipoproteins,70 myelin, phospholipids and cytoplasmic granules in B cells of the anterior pituitary and pancreatic islet.53,68 The chromium‑haematoxylin complex, being cationic, will also bind to nuclei at low pH, probably through phosphate groups. This association is highly stable and its dogged resistance to differentiation discourages more frequent use.

MOLYBDENUM

Complexes of molybdenum and haematoxylin are used principally to stain collagen,77,80 although original techniques were applied to neural tissue.81 By increasing the concentration and adding dioxane to the active solution reticulum, basement membranes and skeletal muscle striations are also coloured, suggesting that dye penetrability is a factor in the staining mechanism.68
COPPER
Copper haematoxylin will stain fatty acids,70 acidophils in the pituitary,82 myelin sheaths and mitochondria.`

LEAD

Applied as a sequence method, lead‑haematoxylin has a particular affinity for axis cylinders, but up to 6 weeks in the mordant may be necessary for an effective result. A single‑solution lead haematoxylin has been developed83 and this stains various cells of the diffuse neuroendocrine system, binding to carboxyl groups in proteins as well as nuclei, nucleoli, keratohyalin, calcium deposits, nerve fibres, smooth and striated muscle.

Haematoxylin without a mordant (direct staining)

Under appropriate conditions, free haematein is weakly anionic and will stain cationic tissue components‑particularly collagen, but also elastin, erythro​cytes and contractile elements in smooth muscle‑yellow to orange-brown.43 Non‑mordanted, dilute solutions of haematoxylin (haematein) also colour nuclei through binding to basic nuclear proteins.84
Aqueous solutions of haematoxylin may be used to identify lead, copper or iron (haemosiderin) deposits in tissues.80 The reaction is probably due to dye‑metal chelate formation and is reportedly more sensitive in the case of iron than the ferrocyanide reaction of Perls.39 However, the procedure is not particularly specific, as calcium and other metals will also form a blue‑black haematoxylin lake85 giving a false positive result.

In the Clara86 haematoxylin procedure, non‑mordanted haematoxylin reacts with arginine residues and stains keratin, keratohyalin, basic nucleoproteins and eosinophil granules.` Iron pigments and enterochromaffin cell granules (which probably contain iron) also react through chelate formation.

Substitutes for haematoxylin

A number of dyes have been recommended as substitutes for haematoxylin, particularly during the early to mid‑1970s when haematoxylin was in short supply. Although some closely mimic the features of haematoxylin, none will serve as a complete replacement. The more notable examples include the following.

Celestin blue B, iron alum88
This provides an effective alternative to alum haematoxylin in the routine H&E method. Staining is effective after 5‑30 minutes.

Gallein89-90
Combined with ferrous sulphate and a small amount of ferric chloride, gallein will stain muscle striations, RBC, myelinated nerve fibres and some elastins. Can be used to substitute for Weigert's iron haematoxylin with van Cieson's stain, but combines poorly with eosin.

Gallocyanin ‑ chrome alum10,88,91
This is a cationic dye which gives strong nuclear staining at low pH but requires 24‑48 hours for an effective result, virtually eliminating it as a practical alternative.

Mordant blue 392
This is prepared with iron alum and used as a replacement for haematoxylin in routine H&E procedures. It has reduced value in neural tissue, as it also stains myelin.

Thionin bromide93
This is recommended for cytological preparations. Advantages over haematoxylin are that it is quick and simple to use, nuclei and cytoplasm are stained in one step and the reagent has a long shelf life.

Fluorone black94This is a useful substitute for haematoxylin in iron haematoxylin ‑ van Gieson procedures (but is inferior to iron gallein).

Other uses for haematoxylin

Haematoxylin will act as an acid‑base indicator, a property which is probably due to haematein present in the solution. A 0.5% solution of haematoxylin in ethanol will change from red to yellow between pH 0 and 1.0, and from yellow to violet over the range pH 5.0‑6.0.95
The role of haematoxylin in the textile industry has decreased significantly in recent years, but it is still used for dyeing wool fibres and some synthetics (Colour Index96). Haematoxylin is also mixed with iron salts to colour inks blue or black.5,37
Haematoxylin has been reported to have medicinal value as a mild astringent' in some intestinal disorders.97 It may also be effective in sup​pressing acute inflammation,98-99 by inhibiting histidine decarboxylase and thus modulating histamine activity on capillary permeability.100-101 Administration of haematoxylin (and haematein) may also lessen chemical or physically induced capillary damage,102 retard adrenalin breakdown103 and minimize the effects of some toxins.104 There is a report that haematoxylin may bind to DNA, leading to cell degeneration and necrosis in some tumours.105
Counterstains

In general terms, counterstains are used to gain information supplementary to that given by the primary stain. Frequently, this only amounts to demonstrating the overall morphology or histology of the tissue concerned; however, in some cases, the judicious selection of a counterstain can result in significant additional information.

Counterstains may consist of single dyes or dye mixtures and‑‑‑depending upon the primary target‑may colour the cell nucleus, cytoplasm or specific tissue structures (such as collagen). To be effective, a counterstain should be of a contrasting, subtle colour which does not intrude on the major stain. Some commonly used counterstains are given in Table 5.2.2.

Eosin

The ubiquitous H&E combination was proposed106 shortly after the discovery of eosin in 1871,107 although aniline blue was the first counterstain to haematoxylin.108 Originally, eosin was used alone to colour tissues,109 but its role now is almost exclusively in double and multiple staining procedures

The most frequently used form is eosin Y (Cl 45380) which gives yellowish​pink shades (from the Greek eos, dawn) and can be prepared as either an alcoholic (2% solubility)'or aqueous (40% solubility) solution. Eosin B (Cl 45400), erythrosin B (Cl 45430) and phloxine B (Cl 45410), along with various similar xanthene dyes, can be used as suitable alternatives.39
Eosin Y (M.W. 691.9) is a tetrabrominated derivative of fluorescein (see Chapter 5.1, Fig. 5.1.20) with maximum absorption in water between 515 and 518 nm.110 Commercial preparations may also contain fluorescein and tribrornofluorescein in sufficient quantities to influence staining colour111 as the dye becomes paler with less bromine.110 The molecule carries one negative charge between pH 3 and 5 and two negative charges above pH 5.112
Proteins are generally cationic below pH 6 and will thus bind eosin,51 probably through the bromine groups.112 The reaction is influenced by fixation113 with tissues prepared in Zenker's fluid, in particular, staining strongly. The selectivity and strength of eosin staining can also be enhanced by adding a small amount of glacial acetic to the dye solution.7
As a counterstain for haematoxylin, aqueous eosin solutions range between 0.5% and 2% in strength (1% is most common). Alcoholic formulations generally contain less eosin. Correctly applied, eosin should stain various tissue structures shades of pink‑especially collagen, cell cytoplasm and erythrocytes. The addition of a very small amount of phloxine can further improve the result (Fig. 5.2.6).
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