
Cytochemical Staining

Shashikant G.Mahadik,

Lab Manager,
Hematopathology Laboratory,
Tata Memorial Hospital



• Different modalities to diagnose leukemia

Morphology

Cytochemistry

FlowcytometryFlowcytometry

Cytogenetics

Molecular



Cytochemistry

The branch of cell biology dealing with

the detection of cell constituents by the detection of cell constituents by 

means of biochemical analysis and 

visualization techniques. 
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Role of cytochemical stains

Differentiating various types of leuckemia

Diagnostic importance

Preliminary Screening Tool (In absence of Advanced Techniques)Preliminary Screening Tool (In absence of Advanced Techniques)

Cheap and cost effective, less time consuming

Easy to perform



Cytochemical staining

Cytoplasm  (granules)     +    Chemical reaction

=   Enzyme +    Substrate  + Buffer soln (at definite pH) 

Colour Development (Coupling Dye)

Microscopical visible colour (at enzyme site)



Cytochemical stains

1. Myeloperoxidase (MPO)

2. Non Specific Esterase (NSE)

3. Iron staining /Perl’s reaction/ Prussian Blue staining

4. Leukocyte Alkaline Phosphatase (LAP)

5. Tartarate Resistant Acid Phosphatase (TRAP)



1.MYELOPEROXIDASE

Purpose

To look for the presence of myeloperoxidase enzyme in the 
blasts. Presence of myeloperoxidase defines myeloid blasts. 

Principle
Peroxidases are the enzymes that in the presence of H2O2Peroxidases are the enzymes that in the presence of H2O2
catalyses the oxidation of different specific substrates 
including phenols; several amino acids and some aromatic 
acids like 3-3’diaminobenzidine with the reaction type 

AH2 +H2O2            A + 2H2O

The reaction product is a brown derivative of the dye which is 
localized at the site of enzyme activity. The reaction product is 
stable, insoluble & non -diffusible



Fixative 
95% Ethanol 45 ml + 40% Formaldéhyde 5 ml. 

Incubation Mixture

No Ingradients QuantityNo Ingradients Quantity

1 30% Ethanol 100ml

2 Benzidine Dihydrochloride (Sigma B-3125) 0.3gm

3 0.132M Zinc Sulphate (3.8% W/V) 1.0ml

4 Sodiun Acetate Trihydate 1.0gm

5 3% Hydrogen Peroxide 0.7 ml

6 0.1N Sodium Hydroxide (4.0% W/V) 1.5ml



1. The reagents are added in a beaker wrapped with aluminum             
foil  in the given order only by mixing well after each addition. 

2. Benzidine salt may contain a small amount of inert non -
soluble residue which gets dissolved upon addition of sodium 
acetate.

3. A precipitate will form when the ZnSO4 is added which gets 
dissolved after adding sodium acetate. dissolved after adding sodium acetate. 

4. The final pH should be 6.00 +/- 0.05. 

5. The solution should be filtered & kept at room temperature in 
a brown colored bottle, which is wrapped in aluminum foil.

6. This solution is stable at room temperature and can be used 
repeatedly for months.



Counterstain
0.2% wright’s stain (2mg in 100ml of methanol)

Sorensen’s buffer (pH 7.2, 0.15 M) for dilution;
a) KH2PO4  - 20.7 g/L 20 ml
b) Na2HPO4-21.6 g/L 80 ml

Or  Or  
Na2HPO4,2H2O -27.1 g/L 80 ml

To obtain a solution  of the required pH of 6.8, 
20ml of (a) + 80ml of (B) and mix.

Buffered distilled water (for Wright’s stain)
This is prepared by mixing 900ml of D/W +
100ml of Sorensen’s buffer



Fix Peripheral blood smears or bone marrow slides in the fixative 
for 1 min

Wash in running tap water for 1 minute. 

Shake off excess water & blot with  tissue paper gently. Dry

Place the slide in incubation mixture in Coplin jar for 30 seconds 

Wash the slides in running tap water for 2 minutes (Yellow bluish 
green color should be  completely washed out).

Counter stain with Wright’s stain and immediately dilute with 
Sorensen’s buffer. Keep it for 10  minutes.

Wash the slides in running tap water for 1 minute.  Dry the slides 
and observe. 



Quality control 
Positive controls : Myeloid series cells provide internal 
control.
Negative control: Internal control is provided by 
lymphocytes

Interpretation Interpretation 
Black granular cytoplasmic staining which indicates the 
presence of myeloperoxidase.
If >3% blasts  MPO positive, the case is reported as MPO 
positive.
If <3% report as negative.
If internal control (look in neutrophils and myeloid 
precursors) are negative, do not report and repeat test.
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Non Specific Esterase (NSE)

Purpose

Non- Specific Esterase is used as one of the diagnostic 
criteria for Acute Monocytic Leukemia (FAB M5). We 
look for the presence of non-specific esterase activity 
and inhibition by sodium fluoride (NaF) 



Principle

Leukocyte esterases are group of enzymes that 
hydrolyze acyl or chloroacyl esters of α-napthol or 
napthol AS.

The non-specific esterases are inhibited by sodium 
fluoride (NaF). 

Alpha naphthyl acetate (ANAE) is used as a substrate.



Non specific Esterase  +  α- Naphthyl acetate(Substrate)

Enzymatic hydrolysis

free Naphthol + Diazonium salt GBC Garnet (Coupling Dye)

Colored Deposits (at the site of enzymatic activity)



Reagents

1. Fixative 40% Formaldehyde

2.Phosphate buffer M/15 pH 6.3
a)20.0 gms of KH2PO4  (E Merck)     dissolve in 1 L D/W.
b) 21.3 gms of Na2HPO4 (E Merck)  dissolve in 1 L D/W.
Mix 768 ml of (a) + 232 ml of (b). Adjust pH 6.3 with pH meter & make 
the volume 1 liter. 

3. Alpha naphthyl Acetate (Sigma-8505)

4.Acetone (Excel R or E Merck)

5.Fast Garnet GBC salt (Sigma F 8761)

6.Sodium fluoride (NaF) (BDH)

7.Aqueous Haematoxylin



Take 2 slides of the same patient. Mark one slide as NSE & other 
as Fluoride

Fix in formalin vapour in petridish and keep at 4ᵒC for 20 min

Wash the slide in running tap water for 30 seconds

Prepare incubation mixture by dissolvingPrepare incubation mixture by dissolving
a.10 mg Alpha naphthyl acetate in 0.5 ml of acetone

b.10 mg Garnet GBC in10ml of phosphate buffer 

Mix both the mixture a + b & filter 

Divide the filtrate in 2 parts. One part is used for NSE & other 
part is used for NaF



Pour the filtrate on NSE slide  

For fluoride
Dissolve 1.5 mg/ml NaF powder in the filtrate & pour on the 

smear of fluoride slides

Incubate both for 20 min RT 

Cover the slide rack with wooden lid

Wash both the slides in running tap water.

Counter stain with Haematoxylin for 10 minutes

Keep in running tap water for blueing



Quality  Control procedures :
pH of the Phosphate buffer is checked every time on calibrated 
pH meter.

Known positive control is always used along with the test batch 
with the with the 
test.

Megakaryocytes and platelet series show strong positivity and 
are taken as internal positive control



Interpretation

The reaction product is diffuse red /brown in colour. 

Normal and leukemic monocytes stain strongly. 
Normal granulocytes are negative, but in myelodysplasia or AML may give 
positive reactions of varying intensity. 

Megakaryocytes stain strongly, and leukemic Megakaryoblasts may show 
focal or diffuse positivity. 

Most T lymphocytes and some T lymphoblasts show focal  ‘dot like’ positivity. 
Leukaemic erythroblasts may show focal or diffuse positivity.

The cytochemical demonstration of esterase in leukocytes has chiefly been of 
practical use for distinguishing granulocytes & their precursors from 
monocytes & monoblasts.

Always  look for the Monoblast positivity and note down the intensity of the 
positivity







NSE Positivity Grade 1



Grade 2 Grade 3



Iron Staining/ Perl’s reaction/ Prussian Blue staining

Purpose
To measure the iron stores and for evaluation of ring -sideroblast

Principle
Siderocytes are red cells containing granules of non-haem iron. 
The granules are formed by water-insoluble complex of ferric The granules are formed by water-insoluble complex of ferric 
iron, lipid, protein & carbohydrate. 

This siderotic material (or haemosiderin) reacts with potassium 
ferrocyanide to form a blue compound, ferriferrocyanide, this 
reaction is the basis of a positive Prussian – blue (Perl’s) reaction.



Reagents

1. Absolute methanol (Fixative)

2. 2% Potassium ferrocynide
(2 gms dissolved in 100 ml D/W) Keep this 
solution in brown bottle. This solution is stable for 2 months.

3. 2% HCl3. 2% HCl

4. 0.1% Aqueous Eosin solution or 0.1% Neutral red 

5.Prussian blue reagent 
Prepare solution immediately before use by mixing equal 
volume of 2% potassium ferrocynide & 2% HCl



Fix the smear (bone marrow smear having more particles) in 
absolute methanol for 20 min

Dry the slide. Stain with freshly prepared Prussian blue reagent 
for 20 minutes.

Rinse or dip the slide thoroughly in distilled water.

Counter stain with 0.1% Neutral red for 8 -10 minutes.

Wash the slide in distilled water. 

Allow to dry and observe under microscope

Note : Care must be taken to avoid contamination by iron, which 
may be present on the slide or in H2O or staining glassware. It is 

preferable to wash glassware with deionized D/W



Quality control 

A positive control is always kept by taking bone marrow slide of patient 
with Erythroid hyperplasia, Hodgkin disease or Non -Hodgkin 
lymphoma.

Interpretation

Iron granules are present in macrophage (phagocytic cell) which is Iron granules are present in macrophage (phagocytic cell) which is 
greenish blue in color.

Results are reported as adequate, moderate or deficient depending 
on the amount of intensity and amount of iron present. 

Look for the ring sideroblasts on the smear.



The presence of stainable iron in the bone marrow provides an 
indication of iron stores. 

Normally, it occurs as an accumulation of small granules of 
siderotic material (or haemosiderin) lying free and in phagocytes, 
and some of the normoblasts also contain 1-4 small iron granules 
("sideroblasts").

Iron store Reduced or absent in iron -deficiency anemiaIron store Reduced or absent in iron -deficiency anemia
Increased when there is iron overload, in infections,                 
dyserythropoietic anaemias, sideroblastic anaemias
and thalassemia.

Sideroblastic anaemias Perinuclear ring 
Thalassemia Large iron granules scattered  

Ring sideroblasts Refractory anemia ,MDS



Erythroid hyperplasia in bone marrow 
aspirate smear

Perl’s stain demonstrating Ring 
sideroblasts



Leukocyte Alkaline Phosphatase (LAP)

Purpose

LAP is a diagnostic criteria for Chronic Myeloid LAP is a diagnostic criteria for Chronic Myeloid 
Leukemia (CML). Alkaline phosphatase activity in 
mature neutrophils and metamyelocytes.



Principle

Alkaline phosphatase is demonstrated by an azo-dye coupling. 

Alkaline phosphatase +    Naphthol AS-MX Phosphate

pH 9.0 Hydrolysis

Free Naphthol + Fast Blue BB (Di-azotised amine)Free Naphthol + Fast Blue BB (Di-azotised amine)

Insoluble blue deposit (at specific/ tertiary granules)

Alkaline phosphatase is Glycophosphatidyl Inositol linked 
protein whose activity can be demonstrated in the cytoplasm 
of mature Neutrophils, typically in the segmented forms & 
only occasionally in band forms. 



Anticoagulant like EDTA, heparin gives less satisfactory 
morphology. If anticoagulated blood is to be used, smear 
should be made; as soon as possible and without any 
delay it should be fixed within two hour. Fixed slides can delay it should be fixed within two hour. Fixed slides can 
be stored for 3-4 days at 0ᵒC or in a chilled tray by 
wrapping it in a tissue paper or aluminum foil.



Fixative

Absolute methanol 9 ml + 1 ml formalin (40% formaldehyde), mixture 
should be 
kept at 20ᵒC or in ice compartment of a refrigerator for up to 5-6 
weeks. Fixative to be used should be chilled.

Tris buffer (pH 9.0) 

36.33 gms of Tris dissolved in 100-200 ml D/W

Adjust to pH9.0 with 1N HCl & make the volume to 1 liter with distilled 
water. 

Keep this as stock Tris buffer in a bottle in the refrigerator at  2-8ᵒC. 
This can be stored for 2-3 months



Stock substrate solution

30mg of Naphthol AS -MX phosphate (Sigma - N-5000) in 0.5 ml of 
N.N Dimethy formamide (Sigma-D-4254).  

Make the volume to 100 ml with 0.2 M Tris buffer (pH 9.0).  
Keep in refridgerator at 2-8ᵒC in a dry bottle.

Diazonium salt–Fast blue BB ( Sigma F -4254)

Incubation mixture
Dissolve 10 mg of the Fast blue BB in 10 ml of the stock substrate 
solution. 

Counter stain 
1.0 % Aqueous Neutral Red ( Sigma N-7005)



Procedure

Fix slides in a chilled fixative for 1 minute. 

Wash the slide, and dry

Put the incubation mixture on the slide

Incubate it for 15 minutes at RTIncubate it for 15 minutes at RT

Wash the slides in running tap water for 30 seconds

Dry it or blot with tissue paper.

Counter stain with 1.0 % Neutral red for 10 minutes.

Wash the slide in running tap water. Dry and observe



Quality control

pH of Tris buffer is checked before use.

Blood smears prepared from sample of pregnant women, 
infectious leukocytosis and other positive cases are used as the 
positive controls for LAP.positive controls for LAP.

Such smear is stained along with every batch of LAP staining as 
control smear.



Calculation and Interpretation
After the smear is stained, the reaction product is blue and granular.

The intensity of reaction product in neutrophils varies from negative to 
strongly positive. An overall score is obtained by assessing the stain 
intensity in 100 consecutive neutrophils, with each neutrophil scored on a 
scale of 0–4 as follows:

Interpretation based on granules Score

Normal Range:35 to 100

Positive controls always give high results. 

Interpretation based on granules Score

Negative  No granules 0

Occasional granules scattered in the cytoplasm 1

Moderate granules 2

Numerous granules 3

Heavily positive, Coarse granules overlying nucleus 4



Chronic  mylogenic  leukemia





Low score (< 35)

Chronic Myeloid Leukemia
Paroxysmal Nocturnal Haemoglobinuria (PNH)

High score (>35)High score (>35)

Neutrophilia of infection
Leukemoid reaction
Hepatic cirrhosis
Down’s syndrome
Polycythemia Vera. 



Tartarate Resistant Acid Phosphatase (TRAP)

Purpose 

Cytochemically demonstrable acid phosphatase is ubitious in 
haemopoietic cell. The staining intensity of different cell types is 
somewhat variable according to the method employed. Its main 
diagnostic use is in the diagnosis of T-cell acute leukemias and hairy 
cell leukemia, but these diseases are more reliablely diagnosed and 
characteristized by immunophenotyping.characteristized by immunophenotyping.

Principle 

The acid & alkaline phosphatase includes a range of isoenzyme with a 
general ability to liberate phosphatase from many alcoholic or 
phenolic phosphomonoesters at acidic or alkaline pH



Reagents

1. 4% Sodium nitrite (NaNO2) Always prepare fresh 

2. Pararosaline hydrochloride
Dissolve 1 gm Pararosaline hydrochloride (Sigma P -3750) in 20 ml D/W gently 
warm. 
Add 5 ml of concentrated HCl, cool, filter. Store at room temperature.

3. Acetate buffer
a) 0.2 M Acetic acid  10.5 ml  (11.4 ml of Glacial acetic acid + 988.1 ml D/W, a) 0.2 M Acetic acid  10.5 ml  (11.4 ml of Glacial acetic acid + 988.1 ml D/W, 
mix)
b) 0.2 M Na Acetate 39.5  ml (27.29 gm Na acetate dissolve in 1000 ml of 
D/W, mix)
Mix a + b (10.5 ml + 39.5 ml); dilute to 100 ml with D/W

4. 2% Methyl green (Sigma M-8884)

5. Naphthol AS-B1 ( Sigma N-2125 ) or AS-MX (Sigma N-4875 )

7. Sodium tartarate



Procedure

Take 2 slides , one for acid  phosphatase & other for tartrate

Fix the slide with formaldehyde vapours for 20 min

Take 40 ml of acetate buffer in a beaker (pH 5.2)

In a test tube take 10 mg of naphthol AS –B1 or AS-MX in 1 ml of N-N dimethyl
formamide

In a beaker take 0.8 ml 4% NaNO2 . Add 0.8 ml Pararosaline; mix it thoroughly for 1 In a beaker take 0.8 ml 4% NaNO2 . Add 0.8 ml Pararosaline; mix it thoroughly for 1 
minute  continuously. A fishy odor will come. 

In this mixture add acetate buffer

Add naphthol AS-MX & dimethyl formamide mixture

Filter into 2 coplin jars

For tartrate resistance 
add 75 mg of tartaric acid in10 ml of filtrate 



Incubate at 37ᵒ C for 1hr in waterbath

Wash, counterstain with methyl green for 10 min

Wash, dry and observe

Quality control 

Monitor the pH of the acetate buffer (pH 5.2).Monitor the pH of the acetate buffer (pH 5.2).
Each batch of analysis should have a positive  control. Either known control or 
the slide from patient of T cell ALL or the slides showing T  reactive 
lymphocytes (localized cytoplasmic positivity) or plasma cell leukemia or 
myeloma can 
be taken.

Granulocytes are positive, hence can be taken as positive control.



Interpretation

Its main diagnostic use is in the diagnosis of Hairy cell leukemia, which are resistant to 
tartaric acid. 

The reaction product is red with a mixture of granular positivity. 

Find out the number of cells showing positivity in acid phosphatase slide.

Find the number of cells showing positivity in tartarate resistant slideFind the number of cells showing positivity in tartarate resistant slide

If positivity is seen in both the slides then the test is positive for hairy cell leukemia 
i.e. the cells are resistant to tartaric acid.

If tartarate slide is negative then the test is negative.

In T cell, acid phosphatase is usually positive showing localized activity (polar).

Granulocytes are positive, hence can be taken as positive control.



HAIRY  CELL   LEUKEMIA
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TARTRATE RESISTANCE HAIRY CELLS
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