
 

Stages of tissue processing 

1- Fixation. 

2- Dehydration.  

3- Clearing. 

4- Impregnation in wax (infiltration). 

5- Sectioning. 

6- Staining. 

 

Each stage should be sufficient length to ensure completeness. 

The tissues are transferred from reagent to reagent in tissue 

processing cassettes. These are metal or plastic contraries 

with perforations. The cassettes are transported through 

various reagents in machines called tissue processors. Manual 

processing may also be done, where cassettes are transported 

manually from reagent to reagent & is done in small scale 

laboratories with less number of specimens. 

 

                    Factors affecting the rate of processing are: 

a- Specimen size: the thicker the specimen, longer is the 

filtration time. 

b- Agitation: effective agitation reduces the overall 

processing time by 25-50%with improved impregnation of 

the tissues. 

c- Heat: increases the rate of penetration & chilling 

decreases it. 

d- Viscosity: the higher the viscosity of the fluid, the 

slower the rate of penetration. 

e- Vacuum impregnation: vacuum considerably reduces the 

impregnation time. 
 



 

Fixation 

Fixation is the process by which the constituents of the cells 

are fixed in a physical & partly chemical state so that they will 

withstand subsequent treatment with various reagents with 

minimal loss significant distortion or decomposition and keep 

the tissue in as life-like manner as possible. 

Aims 

1- Should stop bacterial degeneration, autolysis & 

putrefaction. 

2- Should not distort the cellular constituents by swelling or 

shrinkage, and maintain as close resemble as possible to 

the natural structure of tissue components. 

3- The tissue should withstand the chemical used at various 

stages of processing. 

4- Allow clear staining of the sections. 

5- To increase tissue consistency to permit the cutting of 

thin slices of tissue at varying microns. 

6- To increase optical differentiation of cellular structures. 

Classification of fixatives 

…….Based on components 

Fixatives are classified based on the components present as 

follows: 

1- Simple fixative: contains a single chemical; formaldehyde 

(10% formalin), gluteraldehyde, …… 

2- Compound fixatives: contains more than one chemical & 

used as mixtures: 



 

a- Formalin based: 10% neutral buffered formalin, 10% 

neutral buffered formol saline % formol calcium. 

b- Mercurial fixatives: zenker´s solution, Helly´s solutiuon, B5 

fixative reagent. 

c- Dichromate fixatives: Regaud´s solution, Möller´s solution & 

Orth´s solution. 

d- Picric acid fixatives: Bouin´s solution & Gendre´s fluid. 

e- Alcohol-containing fixatives: Carnoy´s & acetic alcohol 

formalin (AAF). 

……..Based on the action on tissues 

1- Fixatives used in histopathology: there are 2 types: 

a- Microanatomical fixatives: preserves the microscopic 

structure of the tissue; formol saline, formol calicium, 

Zenkers fluid,……. 

b- Histochemical fixatives: to demonstrate enzymes; 

buffered neutral formalinabsolute alcohol. 

2-fixatives used in cytopathology: these are used to preserve 

intracellular structures. There are divided into 2 types: 

a- Nuclear fixatives: Carnoy´s fluid, Clarke´s fluid& 

Flemming´s fluid. 

b- Cytoplasmic fixatives: Champy´s fluid & alcohol fixatives. 

………Based on their mode of action 

Fixatives are classified on their mode of action: 

1- Physical methods: heating, microwaving & freeze drying. 

2- Chemical methods: examples are as follow: 

a- Aldehydes: formaldehyde, gluteraldehyde……. 

b- Oxidizing agents: osmium tetroxide & chromate-

containing fixatives. 



 

c- Protein denaturation: acetic acid, methyl alcohol, ethyl 

alcoloh. 

Cytological fixatives 

Rapid fixation of smears is necessary to preserve cytological 

details of cells spread on a glass slide. Fixation means 

prevention of degeneration of cells & tissue by the autolytic 

enzymes present in the cells, and preservation of cell as close 

as possible to the living state. 

  

……..Properties of cytological fixatives 

1- Do not excessive shrinks or swell cells. 

2- Do not distort or dissolve cellular components. 

3- Inactivate enzymes & preserve nuclear details.  

4- Kill microbes. 

5- Maintain properties of the tissues & cell components. 

 

Wet fixation 

The process of submerging of freshly prepared smears 

immediately in a liquid fixative is called wet fixation. Any of 

the following alcohols can be used. All alcohol fixatives should 

be discarded or if necessary for reuse it should be filtered 

(Whatman No.1 filter paper) after each use. 

Ethyl alcohol/ethanol (95%): recommended in most of the 

laboratories for cytological specimen is 95% ethanol. 

Absolute ethanol (100%): produce a similar effect on cells, but 

is much more expensive. 

Ether-alcohol mixture: this fixative was originally 

recommended by Papanicolaou. It ia an excellent fixative, but 

ether is not used in most of laboratories because of its safety 

hazards, odor. 



 

Methanol (100%): its produce less shrinkage than ethanol, but 

it is more expensive than ethanol. 

Propanol & isopropanol (80%): cause slightly more cell shrinkage 

than ether-ethanol or methanol. 

Time of fixation: 

Minimum 15-20minutes of smear fixation prior to staining is 

essential. Prolonged fixation for several days or even few 

weeks will not affect the morphology the cells. if smears are to 

be preserved over a long period of time in alcohol, it is better 

to store them in capped containers in the refrigerators.  

……..Factors affecting fixation 

1- PH & buffer: normal physiological state of PH must be 6-

8. More acidic medium of fixative makes it less reactive. 

Acidity also favors the formation of formalin-heme 

pigment that appears as black, polarizable deposits in 

tissue. Common buffers include phosphates, bicarbonates. 

2- Duration of fixation & size of specimen: the thinner the 

sections (2-3mm) the better the penetration. There 

should be a 20:1 ratio of fixative to tissue. 

3- Temperature: increasing the temperature, as with all 

chemical reactions will increase the speed of fixation. 

Hot formalin will fix tissues faster & this is often the 

first step on an automated tissue processor. 

4- Osmolality: hypertonic solution gives rise to cell 

shrinkage, while hypotonic solution causes swelling. About 

0.9% of sodium chloride works well. 

5- Agitation: it increases the speed of penetration into the 

tissues. 

6- Penetration rate: penetration of tissues depends upon 

the diffusibility of each individual fixative. 



 

Formaldehyde ( Aldehydes) 

…….Characteristic 

Formaldehyde is commercially available as formalin. It is also 

available as a stable solid form known as paraformaldehyde. 

Various forms in use are: 

1- 10% Formalin: this most commonly used form in 

laboratories, which contains: 

Formalin (40% of formaldehyde dissolved in water): 10ML 

Water: 90 ML 

2- 10% formol saline: 

Distilled water: 90 ML 

Formalin: 10 ML 

Sodium Chloride: 0.9 g 

3- Neutral buffered formalin: 

It is widely used fixative (PH 7.2 – 7.4). The tissue can be 

sectioned even after 1 year. It is also used in IHC. 

4- Formol calcium acetate: 

It is good for preserving phospholipids and used for enzyme 

histochemistry. 

……Fixation time and temperature 

An average tissue requires 10-20 times its volume of 

formalin/normal buffered formalin for adequate fixation & 

immersion for 24 hours at room temperature. If the volume 

of tissues is small a minimum period of 8-12 hours is used. If 

the temperature is raised to 45°c, fixation time is 

shortened by 25-40%. 

……..Advantages 

1- Easily available & cheap. 

2- Good penetration & fixation. 



 

3- Preservation of fats, myelin, nerve fibers, amyloid & 

hemosiderin. 

4- Does not cause excessive tissue hardening. 

…….Disadvantages 

1- It is slow in action (penetration of 1mm in 1 hour). 

2- On storage it becomes cloudy due to formation of 

paraformaldehyde, which can be removed by filtration or 

is inhibited by adding 11-16% methanol in commercial 

formaldehyde. 

3- Traces of formic acid are formed by oxidation, which 

decreases the quality of nuclear staining & leaches out 

hemosiderin resulting in formation of brown-black 

pigment called formalin pigment, also known as acid 

hematin. This can be prevented by buffering it with a 

handful of calcium carbonate. 

4- Unsuitable for demonstration of fats & enzymes. 

5- It has a denaturating effect on proteins, hence 

unsuitable for electron microscopy. 

6- Irritation to the eyes/ears and causes irritation. 

……..Removal of formalin pigment before staining 

Formalin removal is done using the following methods: 

1- Schriddes method: treat sections for 30minutes with 

mixtures of 200ml of 75%alcohol & 1ml of 25-28%liquor 

ammonia. Wash in water. 

2- Verocays method: treat the sections for 10 minutes with 

a mixture of 100ml of 80%alcohol & 1ml of aqueous 

potassium hydroxide followed by thorough washing in 

water. 



 

3- Kardasewitschs method: treat the sections for 30 

minutes to 1 hr with a mixture of 100ml of 70%ethyl 

alcohol & 1ml of 28%ammonia water. Wash in water.  

4- Lilies method: treat the sections for 1-5minutes with a 

mixture of 50ml of 75%actone,50ml of 3% of hydrogen 

peroxide & 1ml of 28% ammonia water; followed by 

washing in 70% alcohol & then in running water. 

5- Picric acid method: treat the sections in saturated 

solutions of picric acid for 5 minutes to 2 hours. 

Gluteraldehyde 

……….Characteristic 

Gluteraldehyde is commercially available as 25 or 50% stock 

solution. It is best to use as an acid solution (PH 3-5) & at 

temperature of 4°c. it is amber colored due to presence of 

impurities such as acrolein, glutaric acid & ethanol. It is 

purified by adding activated charcoal.  

……….Advantages 

1- Better preservation of cellular & plasma proteins than 

formaldehyde. 

2- For electron microscope, as it fixes the tissue rapidly & 

stabilize the proteins. 

3- Better ultrastructural preservation than formaldehyde. 

4- Fixes the small tissue fragments & needle biopsies (in 2-4 

hours at room temperature). 

5- Fixation of tissues remains potent for 3 months at 0-4°c. 

6- Less shrinkage of tissue as compared to formalin. 

7- More pleasant smell & less irritating to handle. 

……..Disadvantages 

1- More expensive. 

2- Slow penetration. 



 

3- Not sutable for carbohydrate, lipids & 

immunohistochemistry method. 

4- secondary fixation with osmium tetroxide may be done 

for lipids. 

5- It gives a strong periodic acid-schiff(PAS) reaction, 

which can be eliminated by immersing the sections in 

conc. glacial acidic acid. 

  ******  Osmium tetroxide 

Characteristic: not routinely used in laboratory, it is available 

as a solid form. 

……..Advantages: 

1- Suitable for demonstration of lipids. 

2- Good preservation of Golgi bodies & mitochondria. 

3- Used after postfixation with gluteraldehyde in electron 

microscopy to retain lipids. 

…….Disadvantages: 

1- Is very expensive. 

2- Vapors are very harmful to the eyes & throat. 

3- Poor & slow penetration. 

4- Difficulty in counterstaining after it's used.  

 

******* Zenkers fluid 

Zenkers fixatives are recommended for congested tissues, 

reticuloendithelial tissues including lymph nodes, spleen, 

thymus & bone marrow. It's fixes nuclei very well & gives good 

detail. They are also good for trichrome stains. Duration of 

fixation is 12 hours; smaller tissues (> 3mm) are fixed in 2-3 

hours. The tissue must be washed overnight to remove excess 

dichromate & mercuric chloride pigment must be removed with 

iodine. 

 



 

***** B5 fixative 

It is used in bone marrow & on lymph nodes, where lymphomas 

are suspected. Fixation time is 8-12 hours, also used in IHC. 

 

******* Bouins fluid 

This fixative penetrates rapidly & evenly, and causes little 

shrinkage. Tissue fixed in it gives brilliant staining with the 

trichrome method. It precipitates protein & forms protein 

picrates (water soluble), which are yellow in color & can be 

removed through subsequent changes in 50-70% alcohol. 

Hence, tissues should not be placed in water directly after 

fixation. The sections are treated in a saturated solution of 

lithium carbonate in 70% alcohol for a few minutes or 

alternatively treat the sections in ethyl alcohol followed by 5% 

sodium thiosulfate, and then washing in running tap water. 

It is a good fixative for glycogen as well as connective tissue; 

hence useful for liver & muscle, but Gendre´s fluid is better 

for this purpose. It is also recommended for fixation of testis, 

gastrointestinal tract & endocrine tissue. It gives brilliant 

staining with Masson´s trichrome, Giemsa & Mallory stains. It 

lysis red blood cells & reduce the amount of demonstration 

iron. 

Gendre´s fluid …..  Recommended for carbohydrate fixation. 

Dehydration 

As soon as tissue has been fixed, and the bones & teeth have 

been decalcified, it is necessary to remove the fixative & 

water from the tissue & replace them with dehydrating fluid in 

preparation for impregnation. This process of removing 

intracellular & extracellular water from tissue following 

fixation & prior to wax impregnation is known as "dehydrating 

reagents". 



 

In most instances, dehydration starts by placing the fixed 

specimen in 70% ethyl alcohol in water, progressing through 

95% ethyl alcohol to 100% ethyl alcohol. For delicate tissues, 

particularly embryonic tissues, dehydration starting with 30% 

ethanol is recommended. 

Characteristic of an Ideal dehydrating solution: 

a- It should dehydrate rapidly without producing 

considerable shrinkage or distortion of tissues. 

b- It should not evaporate very fast. 

c- It should be able to dehydrate even fatty tissues. 

d- It should not harden tissues excessively. 

e-  It should not remove stain. 

f- It should not toxic to the body. 

g- It should not be a fair hazard. 

Commonly used dehydrating agents are 

1- Alcohol (most common). 

2- Acetone. 

3- Dioxane 4- cellosolve. 

4- Triethyl phosphate. 

5- Tetrahydrofuran. 

 

………Alcohol 

Ethyl alcohol (ethanol): is the alcohol recommended for 

routine dehydration of tissues. It I considered to be the best 

dehydrating agents because it is fast-acting, it penetrates 

tissue easily, and it is not poisonous and not very expensive. 

 

…….Methyl alcohol 

Is a toxic dehydrating agent, primarily employed for blood & 

tissue films and for smear preparations. 

 



 

……. Isopropylalcohol (isopropanol):  

This is an easily available & cheaper substitute for ethanol. It 

is slightly slower in action, but a far superior lipid solvent than 

ethanol. Isopropanol shrinks & hardens tissue less than ethanol 

& is used to dehydrate hard, dense tissues, which can remain in 

the solvent for extended periods of time without harm.  

 

Dioxane (diethylene dioxide) 

1,4-diethylene dioxide causes less tissue shrinkage & hardening 

than ethanol. This can also be used as clearing agent because it 

has a unique property of being miscible with water & paraffin 

wax. It has a highly toxic vapor as well as high cost, hence 

should not be recommended for routine use. 

 

Clearing 

Clearing (dealcoholization) is the process whereby alcohol or a 

dehydrating agent is removed from the tissue & replaced with 

a substance that will dissolve the wax with which the tissue is 

to be impregnated (e.g, paraffin) or the medium on which the 

tissue is to be mounted (e.g, Canada balsam).  

 

Characteristic a good clearing agent: 

1- It should be miscible with alcohol to promote rapid 

removal of the dehydrating agent from the tissue. 

2- It should be miscible with, and easily removed by melted 

paraffin wax and/or by mounting medium to facilitate 

impregnation & mounting of sections. 

3- It should not produce excessive shrinkage, hardening or 

damage of tissue. 

4- It should not dissolve out aniline dyes. 

5- It should not evaporate quickly in a water bath. 



 

6- It should makes tissue transparent. 

Common clearing agents used are: 

a- Xylene (most common). 

b- Toluene. 

c- Benzene. 

d- Chloroform. 

e- Cedarwood oil. 

f- Aniline oil. 

g- Clove oil. 

h- Carbon tetrachloride. 

 

…….Xylene (Xylol): it is the most rapid clearing agent (15-30 

minutes), it is cheap, and it is highly inflammable. Xylene 

becomes milky when an incompletely dehydrated tissue is 

immersed in it. 

…….Benzene:  

excessive exposure to benzene may be extremely toxic to man 

& may become carcinogenic or it may damage the bone marrow 

resulting in aplastic anemia. If ever benzene is to be used for 

clearing, the laboratory should be well-ventilated. 

 

Impregnation & embedding 

Impregnation (infiltration) is the process whereby the clearing 

agent is completely removed from the tissue & replaced by a 

medium that will completely fill all the tissue cavities, thereby 

giving a firm consistency to the specimen, and allowing easier 

handling & cutting of suitably thin sections without any damage 

or distortion to the tissue & its cellular components. 

Embedding is the process by which processed tissues are 

surrounded by a support medium such as agar, gelatin or wax, 

which on solidification will provide sufficient support during 



 

sectioning. The choice of the embedding media depends upon 

the microscope, the type of microtome & also the type of 

tissue used. Paraffin wax is a suitable embedding media for 

most tissues from which sections taken of 4-6 µ thickness are 

satisfactory for most diagnostic purpose. In instance where 

paraffin wax is unsuitable for embedding & there is a need for 

very thin sections or preservation of enzymes then plastic may 

be used in place of paraffin.  

The medium used to infiltrate the tissue is usually the same 

medium utilized for impregnation, and for general purposes is 

known as an embedding medium. There are generally 4 types of 

tissue impregnation & embedding media, namely: 

a- Paraffin wax. 

b- Celloidin. 

c- Gelatin. 

d- Plastic. 

Paraffin wax impregnation 

Paraffin is the simplest, most common & best embedding 

medium used for routine tissue processing: 

…….Advantages: 

a- The process is very rapid, allowing sections to br 

prepared within 24 hours. 

b- Tissue blocks & unstained mounted sections may be 

stored in paraffin for an indefinite period of time after 

impregnation without considerable tissue destruction. 

c- Many staining procedures are permitted with good 

results. 

……..Disadvantages: 

a- Overheated paraffin makes the specimen brittle. 



 

b- Prolonged impregnation will cause excessive tissue 

shrinkage & hardening, making the cutting of sections 

difficult. 

c- Inadequate impregnation will promote retention of 

clearing agent. 

d- Paraffin processing is not recommended for fatty tissues. 

The dehydrates and clearing agents used in the process 

dissolve & remove flat from the tissues. 

After having been completely cleared, the tissue is submerged 

in two or more changes of melted paraffin wax, either in a 

paraffin oven or an incubator which has been regulated at 55-

60°C. Common waxes have melting points 45°C, 52°C, 56°C & 

58°C. The 56°C wax is normally used for routine work. 

There are three ways by which paraffin wax impregnation & 

embedding of tissues may be performed: 

1- By manual processing. 

2- By automatic processing. 

3- By vacuum embedding. 

………By manual processing: at least four changes of wax are 

required at 15 minutes intervals in order to insure complete 

removal of the clearing agent from the tissue. The specimen is 

then immersed in another fresh solution of melted paraffin for 

approximately 3 hours to insure complete embedding or casting 

of tissue. 

……..Automatic processing 

This method makes use of an automatic tissue processing 

machine which fixes, dehydrates, clears & infiltrates tissues, 

thereby decreasing the time & labor needed during the 

processing of tissues, resulting in a more rapid diagnosis with 

less technicality. 

……Vacuum embedding 



 

Vacuum embedding involves the wax impregnation under 

negative atmospheric pressure inside an embedding oven to 

hasten removal of air bubbles & clearing agent from the tissue 

block thereby promoting a more rapid wax penetration of 

tissue. 

Factors affecting paraffin wax impregnation: 

Of the three methods of paraffin wax impregnation, vacuum 

impregnation gives the fastest result. Total impregnation time, 

however, generally depends upon the nature & size of the 

tissues to be processed, and the type of clearing agents to be 

used. Larger & denser tissue blocks (e.g. bones, fibroids, 

brains) usually require longer periods & more frequent changes 

of wax. Benzene & xylene are easily removed from the tissues 

while chloroform & cedarwood oil are more difficult to remove 

& require more frequent wax changes. 

………Substitutes for paraffin wax 

1- Paraplast: 

Paraplast is a mixture of highly purified paraffin & synthetic 

plastic polymers, with a melting point of 56-57°C, thereby 

permitting large dense tissue blocks such as bones & brain to 

be cut easily. 

2- Ester wax: 

Estar wax has a lower melting point (46-48°C), but it is harder 

than paraffin. It soluble in 95% Ethyl Alcohol & other clearing 

agents; hence, it can be used for impregnation without prior 

clearing of the tissue. 

3- Water soluble waxes: 

These are mostly polyethylene glycols with melting point 38-

42°C or 45-56°C. The most commonly sued is carbowax. 

 

 



 

Microtomy 

The process by which processed tissue, most commonly a 

paraffin embedded tissue, is trimmed & cut into uniformly thin 

slices or "sections" to facilitate studies under the microscope 

is known as microtomy.  

The microtome consists of three essential parts, namely: 

1- Bloch holder – where the tissue is held in position. 

2- Knife carrier & knife – for actual cutting of tissue 

sections. 

3- Pawl, wheel & Adjustment screws – adjusting the proper 

thickness of the tissue for successive sections. 

 

There are five (5) kinds of microtomes: 

1- Rocking microtome – for cutting serial sections of large 

blocks of paraffin embedded tissues. 

2- Rotary microtome – for cutting paraffin embedded 

sections. 

3- Sliding microtome – for cutting celloidin embedded 

sections. 

4- Freezing microtome – for cutting unembedded frozen 

sections. 

5- Ultrathin microtome – for cutting sections for electron 

microscopy. 

 

Sectioning is a process whereby tissues are cut into uniformly 

thin slices or "sections" with the aid of a machine, to facilitate 

the studies under the microscope. The machine or instrument 

used for cutting sections is known as a microtome. Three 

general types of tissue sections may be made: 

 



 

1- Paraffin sections- for paraffin embedded tissue blocks 

which may be cut by rocking & rotary microtome. 

2- Celloidin sections – fro celloidin embedded tissues which 

are usually cut by means of the sliding microtome. 

3- Frozen sections – which may be cut from tissues that 

have been fixed & frozen with CO2 or for fresh or fixed 

tissues frozen with the cryostat.  

 

Decalcification 

The process of removing calcium salts from the tissue to make 

it amenable for sectioning is known as decalcification. Failure 

to remove calcium from the tissues will result in torn & ragged 

sections and damage to the edge of the microtome knife. 

 

…….Types of bone & decalcification 

Two types of bone are recognized macroscopically in the adult 

human skeleton: 

1- Cancellous (spongy) bone: it is found in epiphysis, 

medullary cavity in diaphysis, vertebra & bone marrow 

cavities. 

2- Cortical or outer compact bone: it is solid, hard & forms 

the shaft of long bones (e.g. femur, tibia, humerus) & 

external surface of the flat bones (e.g. skull). 

……..Bone techniques 

a- Selection of tissue. 

b- Fixation. 

c- Decalcification. 

d- Neutralization. 

e- Thorough washing. 

…….Selection of tissue 



 

Specimens arriving in the laboratory vary from the size of 

needle biopsy to whole arm or leg amputation (in cases of 

tumor, chronic osteomyelitis, gangerene,…..). 

……..Fixation 

Tissues must be fixed adequately before decalcification as 

acid solutions used in decalcification are injurious to the 

organic ground substance of the bone. The selected bone is 

placed in 10% neutral buffered formalin for 24-48 hours, bone 

marrow is best fixed Zenker´s fluid. 

 

Decalcification 

To obtain satisfactory paraffin or celloidin sections of bone, 

inorganic calcium must be removed from the organic collagen 

matrix, calcified cartilage & surrounding tissues, this process 

called decalcification. A good decalcifying agent should remove 

all calcium without damage to the tissue or cells & with no 

impairment to the subsequent staining or impregnation. The 

volume of decalcifying fluid should be 100 times that of the 

tissue. The solution should be checked daily or at regular 

intervals because calcium ions migrate out of the tissue & 

cause saturation of the surrounding solution, hence the solution 

should be changed frequently. Tissues are removed 

immediately on completion of the process because treatment 

beyond this point does not improve the cutting qualities, but 

adversely affects the staining quality.  

Methods of decalcification 

……..Routine decalcification methods include: 

a- Acid decalcification (strong inorganic acids, weak organic 

acids). 

b- Chelating agents. 

c- Ion-exchange resins. 



 

d- Electric ionization. 

e- Surface decalcification. 

Acid decalcification 

……Strong inorganic acids 

The most commonly used is nitric acid (5-10%), 3% 

hydrochloric acid (HCL), perenyl´s fluid, formalin-nitric 

acid,…. 

Nitric acid (5-10%): this solution gives the quickest results & 

can be used for large & heavily mineralized cortical bone 

specimens. The length time for decalcification is from 24hours 

to 2-3 days. 

Formalin-nitric acid (10%): formalin is added to nitric acid to 

protect the tissue from maceration & swelling. It is an 

excellent preparation for calcified arteries & glands, thyroid & 

chitinous materials. This is also recommended for urgent 

biopsies such as needle or small specimen biopsies for 

decalcification. The only disadvantage is nuclear staining is not 

as good in other decalcifying agents such as formic acid or 

ethylenediaminetetraacetic acid (EDTA). 

Perenyl´s fluid: this fluid is slow in action, but gives excellent 

results for small deposits of calcium. 

Weak organic acids 

The commonly used weak organic acids are 10% formic acid, 

acetic acid & picric acid. 

Formic acid (5-10%): it is suitable for most routine surgical 

specimens. 

Formalin-formic acid (10%): it simultaneously fixes & 

decalcifies the tissue. the time for decalcification is 1-10 days 

there by taking a longer time to decalcify. This method is also 

suitable for IHC staining protocol. It has been proved that 

decalcification (less than 24 hours) in 5% formic acid can 



 

preserve DNA sufficient for flouresent, In situ hypridization 

(ISH) or comparative genomic hybridization (CGH). 

Chelating agents 

Chelating agents are substances which combine with calcium 

ions & other salts (iron & magnesium deposits) to form weakly 

dissociated complexes & facilitate removal of calcium salt. The 

most common chelating agent is ( EDTA) salt, it binds metallic 

ions, notably calcium & magnesium. EDTA combines with calcium 

to forming an insoluble non-ionized complex). The tissue is 

placed in EDTA from 1-3 weeks for small specimens, but it may 

take 6-8 weeks or longer to totally decalcify dense cortical 

bone. The solution should be changed every 3 days, and in final 

stage, everyday, to facilitate decalcification.  

………Advantages 

a- It permits excellent staining results. 

b- It produces minimal cell & tissue distortion. 

c- Is an excellent bone decalcifier for IHC or enzyme 

staining, and for electron microscopy. 

……..Disadvantages 

a- It is very slow, and is not recommended for urgent & 

routine purpose. 

b- It causes slight tissue hardening. 

 

Ion-exchange resins 

Ion exchange resin (ammonium form of polystyrene resin) 

hastens decalcification by removing calcium ions from formic 

acid-containing decalcifying solutions, thereby increase 

solubility from the tissue. It is not recommended for fluids 

containing mineral acids such as nitric acid or HCL. 

The resin is poured on the bottom of the container to a depth 

of approximately 1cm & the specimen is allowed to rest on it. 



 

The volume of fluid needs to be 20-30 minutes bulk of 

specimen. This method is satisfactory for small bone 

fragments, processing only a limited number of specimens at a 

time. Good cytologic & histologic details are, however, not 

always preserved in tissues that have been electrically 

decalcified. X-rays are used to determine the endpoint of 

calcification. After use, the resin can be regenerated by 

washing twice in 10 N HCL followed by three washes in D.W. 

As IED units are not used with concentrated acid solutions, 

delicate cellular structures remain intact, cellular detail is not 

compromised, and a wide variety of routine & special stain 

procedures can be successfully performed. It also ensures a 

rapid rate of solubility of the calcium from the tissue & a 

reduction in the time of decalcification. 

 

Electric ionization/Electrophoretic decalcification 

Electroporetic decalcification is based on the attraction of the 

calcium ions to a negative electrode, i.e. cathode (-), the bone 

is attracted to the anode (+) and a 6V current is passed 

through the section. It utilizes a mixture of formic acid & HCL 

placed in an electrolyte bath based on a simple electroplating 

device. X-rays are used to determine the endpoint of 

decalcification. 

The decalcification process is rapid, takes only 2-6 hours & one 

sample per time can be processed.  

 

 End point of decalcification 

It is achieved by the following methods: 

a- Specimen radiograph (X-ray): 

1- Fine detail specimen radiography (the most accurate 

way). 



 

2- Microradiography. 

b- Chemical testing (accurate). 

c- Physical testing (less accurate & potentially damages 

the tissue). 

 

Factors affecting rate of Decalcification  

1. Concentration of decalcifying solution-Increased 

concentration of the decalcifying agent fastens the reaction. 

2. Temperature-The rate of decalcification increases with rise 

of temperature.  

3. Density of bone-Harder bone takes longer time to decalcify. 

4. Thickness of the tissue-Small tissue pieces decalcify earlier. 

5. Agitation-Agitation increases the rate of decalcification. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

  



 

 

 

 

 

 


