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1 . H I S T O L O G I C A L  

P R O C E S S I N G  

The histological processing includes a variety of methods and techniques aimed to 

study the molecular and morphological features of tissues. They are designed for the study 

of tissues at light or electron microscopy. Different set of experimental methodology are 

used depending on what we want to study. Thus, methods and techniques can be used in 

many different combinations to achieve the result that better fit our needs. In the diagram 

below, common methods and techniques for processing tissues are shown. 



Histological processing. 

Histological processing begins with the collection of tissue samples to be studied. In 

plant histology, pieces of the plant body are collected, whereas in animal histology there 

are two options: get a portion (samples from biopsy or necropsy) of an organ or tissue and 

start the histological processing, or start the histological processing with the complete 

body and then get the sample we are interested in, and then continue with the processing. 

In any case, samples (or the whole body) are first fixed with solutions known as fixatives. 

They keep the tissue molecules and structures with similar features as they had in living 

tissues while going through the successive histological techniques. Fixation is like having 

a photo of a sample when the organism is alive, its organization and features 

are unaltered during the processing, and they are still preserved when the sample is 

observed with the microscope. Another way to fix tissues is by fast freezing. This type of 

fixation is used when chemical fixatives or other steps of the processing affect the tissular 



features we are interested in. For example, some molecules are modified by fixatives or in 

chemical solutions in later steps. 

After fixation, the next common step is embedding of the sample for obtaining 

sections of the tissue. The thinner we want a section, the harder should be the final 

embedding block. Embedding is the infiltration of the sample with liquid substances that 

are later solidified by temperature (paraffin) or by polymerization (resins). The same 

hardening can be got with a quick freezing of the sample. Thicker sections (for example, 

44 µm) can be obtained without embedding by using special sectioning devices like 

vibratome. Usually, embedding compounds are not hydrophilic. Thus, first, the water must 

be replaced with a lipophilic solvent, which in turn is replaced with the embedding 

substance. 

After embedding, or freezing, samples are cut in very thin sections. There are a 

number of apparatus for cutting that yield sections with different 

thickness: ultrathin sections (nanometers), semi thin sections (between 4.5 and 2 

micrometers), thin sections (between 3 and 04 micrometers) and thick (thicker than 04 

micrometers). Sections are later processed for tissue studying, which usually 

involves hydrophilic dyes. There are several types of microscopy techniques, such as 

phase contrast microscopy, that allow the observation of tissue features without 

processing. If hydrophilic dyes are used, the embedding media must be replaced with 

water, otherwise dyes do not enter the tissue. However, semi thin sections (for light 

microscopy) and ultrathin sections (for electron microscopy) can be stained with dyes or 

contrasted with heavy metals, respectively, without removing the embedding media, 

which is resin. In sections obtained from freeze samples, dyes are applied once the tissue 

is thawed. 

Processed tissues are observed with microscopes. There are a variety of types of 

microscopes, but the more common are light and electron microscopes. Light 

microscopes relay on visible light and lens. Several light microscopy set-ups are available: 

clear field, fluorescence, phase contrast, polarization or differential interference 

contrast. Electron microscopes give a far larger magnification that allows the study of the 

so-called ultrastructure of the tissues. 

This basic histological process is modified for specific needs of the study. For 

example, non-embedding and non-sectioned samples can be observed with the scanning 

electron microscopy, but only surfaces can be studied. In the next pages, the most 

common techniques for histological observation are described. 



2 .  F I X A T I O N  

When tissues are obtained from organisms, either living or dead, a degragative 

process begins. It has to aspects: autolysis (autodigestion) by intracellular enzymes that 

degrade cells and extracellular matrix, and putrefaction by the degradative activity of 

microbes (mostly bacteria). Moreover, the methodology of the histological processing to 

study particular tissue features may degrade or destroy tissue structures. Fixation preserves 

morphological and molecular features of the tissue as similar as possible as they were in 

the living organism. It is like taking a picture of the living tissue, keeping it invariable 

after the histological processing, and observing this picture with the microscope. Thus, 

fixatives prevent autolysis, protect against microbes degradation, fix soluble molecules, do 

not cause tissue distortions or retractions, and prepare the tissue for specific staining or 

study when necessary. 

There is no one universal fixative, nor one universal fixation method. Furthermore, 

several fixatives can be sequentially used if necessary. The selection of fixative and 

fixation method depends on the features of the tissue that have to be preserved. For 

instance, if enzymatic activity must be preserved, fixation must not destroy the catalytic 

center of the enzyme, and then other features of the tissue, like cell morphology, might be 

modified. The majority of fixatives don not preserve lipids, but these molecules remain in 

the tissue if solvent solutions are avoided. However, the study of tissue ultrastructure 

involves organic solvents during the embedding in resins, therefore a fixative that keeps 

lipids in the tissue is needed if we want to observe cell membranes. Most fixatives do not 

preserve carbohydrates, but these molecules remain in the tissue because they are usually 

attached to proteins. Sometimes, some fixatives can modified molecular tissue 

components so that they are more easily stained by dyes. 

In any case, there are some features to be considered before the selection of 

fixatives: 

Diffusion rate. Fixation has to be quick and the diffusion of fixatives through tissues 

is a limitant feature. The speed of penetration of the fixative determines the size of the 

sample to be processed. So that, the lower diffusion rate the smaller the sample should be. 

Furthermore, it also affects the total fixation time: higher diffusion means shorter fixation 

time. 



Fixation rate. This feature does is not a consequence of the fixative diffusion rate, 

but depends on the chemical nature of the fixative and influences how long the fixation 

should last. 

Hardening. Tissues are usually hardened by fixatives, that depends on the type of 

fixative and fixation time. 

Osmosis and pH. uring fixation, it is important to prevent volume changes in the 

tissues and cells. These changes may be produced by a different osmolarity or pH between 

the tissue and the fixative. The alterations of the tissues produced by the histological 

processing are known as artifacts. Therefore, it is recommended to equilibrate the tissular 

and fixative osmolarities. It can be accomplished with simple molecules that do no affect 

the chemical fixation. For instance, 4.0 % NaCl can be used in fixatives for land animals. 

It is also important to use buffered fixatives with pH similar to that of the tissues. 

Mordent's. Some tissue structures are difficult to stain because of their low affinity 

for dyes. This affinity can be increased by treatment before the staining. Some fixatives, 

besides fixation, can chemically modify the tissues and increases the affinity for some 

dyes. This type of tissue modification is known as mordant effect. 

Artifacts. Fixation may produce tissue alterations like swelling, retraction, 

crystallization of substances, and movement and extraction of molecules. They may be a 

consequence of the fixative features or fixation method. The changes introduced in the 

tissue by the histological process are known as artifacts. It is important to realize that what 

what we are observing is an artifact by fixation so that it is not described as a tissular 

feature. Fixatives may produce retractions of the tissue, which can be tested by checking 

the dimensions of the tissue sample before and after the fixation. However, it should not 

be assumed that retractions, or swellings, affect all tissues of the sample in the same way. 

F I X A T I O N  M E T H O D S  

There are several methods for fixating tissues that are selected according to the type 

of fixative, the structure to be fixed, and what we want to observe. Fixation methods can 

be grouped in two: physical and chemical methods. 

Physical methods 



Physical fixation is accomplished by either very quick freezing or heating at high 

temperature of samples. These procedures are used when chemical fixation affects the 

tissue structures we are interesting in, when a very quick fixation is required, or when the 

technique or the tissue need physical fixation. 

Quick freezing is a suitable method for preserving molecular features of samples 

because they are not affected by any external chemical compound. Freezing must be 

very fast to prevent autolysis of the cells and formation of large ice crystals that may 

destroy the tissue structure. Thus, it is convenient to process sample sizes not larger than 2 

mm so that freezing is homogeneous through all the tissue thickness, including the inner 

parts. If it is possible, before freezing, the samples should be pretreated and protected by 

a cryoprotectant that prevent cellular freezing damages. A very fast freezing is achieved 

by immersing the samples in isopentane (-074 ºC) cooled in liquid nitrogen (-006 ºC), or 

in dry ice and acetone (-74 ºC), or even in liquid helium (-262 ºC). Cryoprotection is 

always a good practice, although it is not always possible. Dimethyl sulfoxide, glycerol, 

sucrose or mixed solutions containing some of these substances are the most common 

cryoprotectants. Once the freeze sample is sectioned, the tissue is melted and should be 

somehow protected, unless it is both sectioned and kept in a freezing chamber. 

Lyophilization, or freeze-drying, and cryosubstitution are techniques that remove the 

water (the ice) from frozen samples by sublimation, that is the water is transformed in gas 

from ice without going through the liquid intermediate state. These techniques prevent 

chemical reactions happening in aqueous environment, allowing a long-lasting 

preservation of the tissue. Cryosubstitution consists in the slow exchange of ice for a 

fixative solution. Thus, fixation is done in tissues that did not get degraded because they 

were frozen. 

Fixation by heating is not common in histology because it introduces damages in the 

tissues. Heat coagulates proteins and dissolves lipids. However, it is a good fixative 

method for microorganisms because their morphology is preserved, and that helps in the 

identification. Nowadays, heating fixation is combined with chemical fixation. For 

example, samples are immersed in a chemical fixative and microwaved at 55 ºC. This 

temperature does not produce artifacts, increases the fixation speed, and decreases the 

fixation time from hours or days to minutes. Microwave is a good heater because 

temperature rises quite homogeneously and immediately through the sample. Heating 

baths are not recommended because produce a heat gradient between the outer to the inner 

parts of the sample. It is thought that the increase of the fixation speed by microwave 

fixation is a consequence of the heat and not of the microwaves. Microwaves are 

sometimes used in later steps of the histological processing, particularly during staining. 



Chemical methods 

Chemical methods use aqueous solutions containing fixative substances that 

make bridges between tissue molecules and results in the immobilization of the tissular 

compounds and prevents degradation of the tissue sample. Chemical fixatives affect 

tissues both chemically and physically. Retraction, distension, and hardening are common 

physical effects. There are two major chemical methods: immersion and perfusion. In any 

case, the fixative should get to all the regions of the sample as soon as possible. 

Immersion. In the immersion method, samples of tissues are plunged into fixative 

solutions. It is also used for blood smears or for fixing sections obtained from unfixed 

frozen samples. Some precautions should be kept in mind: 

0) The piece of tissue should not be larger than 4.5 cm in thickness to allow the 

fixative enters the deeper part of the sample before the cells start to get 

damaged. Penetration speed depends on the fixative type and the tissue to be 

fixed. The size of the sample should be considered according to the fixative 

type. Slow diffusion fixatives are recommended in samples not larger than 4.2 

cm. Tissue features need to be considered. For example, fixation penetration is 

faster in loose tissues or samples with large spaces for diffusion. 

 
Fixation by immersion. 

2) The volume of the fixative needs to be 04 to 24 times larger than the volume of 

the sample. 

3) Osmolarity of the sample and the fixative solution need as similar as possible. 

4) The pH of the fixative solution should be close to the physiological pH of the 

sample. 

5) For a similar type of sample, fixation time depends on fixative features: 

diffusion and fixation (intensity and speed of making bridges between proteins 

or how quick proteins coagulate). The fixation time must be enough for a proper 

fixation, but not excessive because it may cause artifacts in the sample. A gentle 



agitation of the sample during fixation is recommended for increasing the 

fixative penetration, which reduces the fixation time. 24 hours of fixation is 

common for most of the fixatives. However, for some of them, like 

formaldehyde, fixation time may last for a week. 

 
Fixation by perfusion of an organ. By perfusion, the fixative solution reaches every 

cell of the organ via the vascular system. A peristaltic pump introduce the fixative 

through an artery that supplies the organ. All the blood vessels that do not conduct 

blood toward the organ are closed. 

Perfusion. In this fixation method, the fixative solution is introduced through 

the vascular system and reach all the cells of the tissue via capillary net. It is possible to 

fix a whole animal if the fixative solution enters through the left ventricle of the heart. 

Then, the fixative solution is driven through the vascular branches of the arteries coming 

from this ventricle. If we want the fixative in the lungs, the fixative solution is introduced 

through the right ventricle. By perfusion, a single organ can be fixed if the fixative 

solution enters by the main artery that irrigates the whole organ. Fixation by perfusion is 

not always possible, like in many biopsies or in plants. 

Fixation by perfusion is more effective than fixation by immersion because the 

fixative solution gets in contact with all cells of the perfused structure very quickly. In this 

way, the penetration speed of the fixative is not a limiting feature. 

Before the introduction of the fixative in the vascular system, the blood should be 

removed with an oxygenated saline solution. Otherwise, the fixative may fix blood, 

coagulates it and produces thrombus. This may seal some parts of the vascular circuit that 

prevents the fixative solution entering some parts of the sample. As in the fixation by 



immersion, the pH and osmolarity of the fixative solution, and the fixation time, must be 

set properly. 

Fixation by perfusion of a complete animal. The fixative solution is introduced 

through the vascular system. Pressure is provided by a peristaltic pump. The fixative 

solution enters via the left ventricle (lV) and reach the aorta. This artery and its 

branches distribute the fixative through the body (excepting the pulmonary circuit). 

The fixative arrives to and fills the capillary net, where most of the fixation process 

occurs. After that, fixative solution is gathered by venous system that converges in the 

right auricle (rA). This heart chamber is opened with a small cut to open the circuit 

and allow the fixative solution to leave the vascular system and the body. lA: left 

auricle; rV; right ventricle. 

Another parameter to keep in mind is the pressure of the fixative solution when 

entering the sample, which should be similar to the blood pressure in the living animal. A 

lower pressure may prevent the fixative solution to reach every capillary duct of the 

sample, but a high pressure may break blood vessels and the tissular structure. 

F I X A T I V E S  

There are many fixatives described in the histological methods books. In this page, 

the most common fixatives used in histology labs will be mentioned. These have being 



proved as the most suitable for a better preservation of the tissue features. Chemical 

fixatives are the most frequently used, either as a single component or as solutions 

containing several fixatives. 

Considering the mechanism of fixation, fixatives can be classified in two types: 

coagulant and cross-linking. Coagulant fixatives remove water from tissues leading to 

coagulation and denaturalization of proteins, mostly in the extracellular matrix. Cross-

linking fixatives form chemical bonds between molecules of the tissue. Alcoholic fixatives 

are coagulants, such as Bouin and Carnoy, whereas formaldehyde and glutaraldehyde are 

cross-linking fixatives. Sometimes, a mix of the two types of fixatives is used. 

Fixatives are also classified as additive and non-additive. Additive fixatives combine 

with molecules of the tissue so that the fixative, or some of its components, becomes part 

of the tissue and it is processed in the following steps of the histological protocol. They 

are mainly cross-linking fixatives and some coagulant fixatives. Non-additive fixatives, 

once performed the fixation, are remove from the tissue in later steps of the tissue 

processing. Alcohol and acetic acid are examples of non-additive fixatives. 

Warning! Most of fixative solutions are toxic by inhalation or skin contact, some of 

them are carcinogenic. It is important to follow the safety guidelines for manipulating 

these substances. 

Fixatives 

Ethanol, methanol and acetone. Their fixation mechanism is 

by dehydration and coagulation of proteins, mostly cytosolic proteins. The lipids are 

extracted from tissues, but carbohydrates are nor affected. Methanol is better fixative than 

ethanol because the tissue is not hardened and is better preserved. In general, they are 

good fixatives for small size samples, for preserving proteins, like enzymes, glycogen and 

some pigments. Blood smears and frozen tissue sections from unfixed samples are usually 

fixed with these fixatives. Since they do both dehydration and fixation at the same time, 

they can be used for preserving the samples. However, as a drawback, they normally 

produce hardening and retraction in the tissue, and lack mordant effect. 



Acetic acid: CH3COOH 

Acetic acid. The effect of acetic acid on tissues is not a direct fixation, but a change 

of the colloidal state of proteins. Acetic acid is used at a concentration of 0 to 5 %. It is a 

very good fixative for nucleic acids and nucleoproteins. As drawbacks, acetic acid 

destroys mitochondria and does not fix well membranes and cytoplasm. It is commonly 

combined with other fixatives like Bouin (formaldehyde + acetic acid + picric acid) and 

FAA (formaldehyde + acetic acid + ethanol). In some fixative solutions is used to 

counteract the artifacts that may cause ethanol or picric acid.. 

Zinc chloride and zinc sulfate. As a fixative, zinc salts were used long ago, and later 

they became a component of several fixative solutions. Currently, they are combined with 

paraformaldehyde. They help paraformaldehyde with the fixation and preserves tissular 

antigens for immunohistochemical techniques by minimizing the antigen masking effect 

of paraformaldehyde. Mercury salts, which were used in the first fixative solutions, have 

been replaced by zinc salts. Fixatives containing zinc salts are not prepared in phosphate 

buffer, as it is common for other fixative substances. Furthermore, after fixation, zinc has 

to be removed from sample with thorough washes in distilled water. 

Picric acid: C6H2OH(NO2)3 

Picric acid. The fixation by picric acid is mediated by the coagulation of proteins 

produced by the picrate salts. Normally, 2 % to051 of a saturated solution of picric acid is 

combined with other fixatives. When the fixation time is set properly, picric acid is a good 

fixative for preserving the cellular structure, as well as glycogen and lipids. It 

has mordant effect, which is needed for some dyes of several post-embedding staining 



methods. It is a good practice to wash thoroughly the samples to remove the picric acid 

before paraffin embedding because picric acid makes difficult the infiltration of paraffin. 

Bouin is a widespread used fixative containing picric acid. 

Formaldehyde. It is a widely used fixative because it provides a very good structural 

preservation for tissues, conserves tissues during long periods of time, produces small 

tissue retractions, is compatible with most techniques and histological staining procedures, 

including immunostaining and in situ hybridization of mRNA. Formaldehyde bonds to 

functional groups of proteins and renders hemiacetal groups. This makes most enzymes 

non-functional, preventing the degradation of tissues by hydrolytic enzymes. 

Formaldehyde bonds to several types of groups like ammino, sulphydryl, guanidyl, and 

aliphatic hydroxyl groups. The reaction produces hydroxymethyl compounds, which react 

with other groups, either located in the same or in a different protein, to form 

methylen bridges. Formaldehyde is a well-preserver for lipids, which is improved by 

adding calcium to the fixative solution because calcium minimizes the solubility of 

phospholipids, and it does not react with carbohydrates. 

Formaldehyde fixation time is 24 to 54 h, although it can last for 0 or 2 weeks. If the 

tissue is intended for immunohistochemistry, a 02 to 24 h fixation at 4 ºC is 

recommended. Long lasting fixations harden the tissue and may cause nucleic acid 

instability. The fixative can be partially removed from the tissue by long washes. 

Formaldehyde is commonly used in buffered and isotonic solutions at a concentration of 4 

%. Nowadays, formaldehyde is usually prepared from the solid compound 

paraformaldehyde. Examples of fixatives with formaldehyde: buffered formaldehyde, 

Bouin, FAA, PLP. 



Formaldehyde: CH2=O

Formaldehyde 

chemical bonds. Glutaraldehyde 

Glutaraldehyde is a widely used fixative. When it is in solution, glutaraldehyde 

forms dimers and trimers. Aldehyde groups locate inside the polymerized molecule react 

with the amino acid's amino groups, linking proteins by making molecular bridges. The 

outer aldehyde groups, however, remain unbound, which should be blocked to prevent 

false positives, for example when adding proteins like immunoglobulins during 

immunohistochemical reactions, or to prevent reactions with aldehyde groups during PAS 

histochemistry. Therefore, it is a good practice to remove glutaraldehyde free groups, 

usually done with a pre-treatment in 0 % sodium borohydride. The penetration speed of 

glutaraldehyde is slow, so that fixation by perfusion is recommended. The slow 

penetration may cause artifacts such us retractions. 4.5 % to 3 % of glutaraldehyde 

combined with formaldehyde in isotonic buffered solutions is commonly used. It can 

preserve the ultrastructure of tissues much better than other fixatives, and that is why it is 

a preferred fixative for electron microscopy studies. However, it is not recommended for 

paraffin embedding because obtaining sections is more difficult. 



Several types of aldehydes have been used as fixatives in histology, but they are no 

longer included in the more common histological procedures. For example, chloride 

hydrate was used for the fixation of the nervous system, acrolein (very toxic) for electron 

microscopy, and glyoxal as a general fixative. 

Osmium tetroxide. OsO4. 

 
Chemical bonds between osmium tetroxide and unsaturated fatty acid chains. 

Osmium tetroxide is one of the first fixatives, used from 0265. It does not penetrate 

deep in tissue blocks, and samples larger than 4.5 to 0 mm are not recommended. Osmium 

tetroxide can be used in solution and as a gaseous fixative because it is a volatile 

molecule. It does not produce artifacts, but renders fragile samples. Chemically, it forms 

bridges between unsaturated fatty acid of membrane lipids. Thus, cell membranes become 

insoluble, dark and electron dense (that is, electron can cross them). Osmium tetroxide is 

commonly used for electron microscopy studies because cell membranes are well-

preserved and dark, so that they can be easily observed. At light microscopy, it is useful 

for studying unsaturated lipid deposits, myelin tracts, and it is needed for silver 

impregnation procedures like Golgi impregnation method. Osmium tetroxide is not 

regularly combined with dyes because it is a strong oxidizing molecule and prevents 

binding of anionic dyes to the tissue. Currently, osmium tetroxide is mostly used after 

formaldehyde and glutaraldehyde fixation, and before dehydration and embedding for 

electron microscopy. 

Combining fixatives 

Nowadays, most fixation procedures include several fixatives, either together in 

solution or one by one in successive fixation steps. In this way, the advantages of each 

fixative can be applied to the same sample, and some disadvantages can be balanced. 

There are many fixation procedures, both in their components, the proportion of each of 



them, and in the way they are used, depending on the sample and on what we want to 

observe. Together with the fixative compounds, there are other components in the fixative 

solution for adjusting other features like osmolarity and pH. For example, most fixatives 

are dissolved in buffered solutions with a neutral pH so that tissue structures are not much 

affected. Some substances are also added with different purposes. Thus, ethylene glycol 

allows freezing the sample and get frozen sections, preventing the protein diffusion as 

well. 

The followings are some of the most common fixative mixtures. They show a 

combination of properties suitable for the observation of a large variety of tissues and 

staining procedures. 

Bouin. It is a solution of picric acid, formaldehyde and acetic acid, frequently used 

in samples for paraffin embedding. The sample sections can be treated for a wide number 

of staining techniques. It is very useful for soft and embryonary tissues, the nucleus and 

glycogen are well-preserved. If fixation by immersion, fixation time does not usually 

exceeded 42 h. After that, samples can be kept in 74º ethanol for a long time. It is not 

recommended, however, for kidney or mitochondria. Before paraffin embedding, it is 

advisable removing the picric acid from the sample by long washes in 74º, because picric 

acid hinders paraffin diffusion, which impedes a good embedding and spoils staining. 

Clarke solution. It contains ethanol and acetic acid in a 3:0 proportion and was one 

of the first fixative used. It is good for paraffin embedding. 

Carnoy. It contains ethanol 044º, chloroform, and acetic acid. Carnoy is a good 

fixative for glycogen, simple carbohydrates, and fibrous proteins. It also fixes very well 

nucleic acids, although the nuclear morphology is somehow distorted. The Nissl bodies of 

neurons are clearly visible after fixation with Carnoy fixative. However, it may produce 

tissue retractions. 

Solutions containing formaldehyde. Nowadays, formaldehyde is probably the most 

widely used fixative for common histological techniques, but also for immunostaining and 

mRNA in situ hybridization. A concentration of 4 % is routinely used, combined with 

other fixatives in buffered isoosmotic solutions. For electron microscopy studies, the most 

popular fixative is formaldehyde combined with glutaraldehyde. Formaldehyde initiates a 

quick fixation thanks to its faster diffusion rate, whereas glutaraldehyde developes a 

slower but stronger fixation. Formaldehyde fixation protects against potential tissular 

retractions caused by glutaraldehyde. Examples of formaldehyde containing fixatives: 

buffered formaldehyde, Bouin, FAA, PLP. 



Glutaraldehyde - osmium tetroxide. Fixatives may be used not at the same time but 

consecutively. Samples for electron microscopy are initially fixed with glutaraldehyde (0 - 

3 %) and paraformaldehyde (2 - 4 %), and then by osmium tetroxide (0 %). This 

combination is good for almost all the structures of tissues, particularly membranes. This 

is important because the procedure for electron microscopy usually involves dehydration 

in organic solvents and polymerization in resins at 64 ºC, during which cellular structures 

must be preserved. 

3 .  E M B E D D I N G  

Once the tissue is fixed, it is further processed for observation with the microscope. 

This usually means making sections for staining and later observation. As a general rule, 

samples are hardened before sections are obtained. The thinner we want the sections 

the more hardened has to be the sample. Tissues are already hardened by fixation, but not 

so much, so that sections thicker than 24-34 µm are difficult to obtain. The fixative 

provides enough hardening if thick sections (between 34 and 244 µm) are what we need. 

Devices like vibratome can get thick sections directly from fixated tissues, and it is used 

when a very good molecular preservation is required. However, thinner sections are 

usually needed, so the sample must be hardened. There are two common procedures to do 

this: freezing and embedding. 

Freezing of previously fixated tissues provides hardening that allows obtaining 

sections with thickness ranging from about 54 µm to nanometers. Several sectioning 

apparatus are used: freezing microtome for thick sections (larger than 24 µm), cryostat for 

thin sections (from 5 µm to about 24 µm) and ultracryotome for ultrathin sections 

(nanometers). To prevent damages caused by freezing, like formation of crystals of water 

that can make holes in the tissues, samples immersed in cryoprotecting solutions. Sucrose 

(341) is the most common cryoprotector, but dimethyl sulfoxide, glycerol, ethylene glycol 

are also used. They are selected depending on the type and size of the sample and 

procedure to be later performed. Another important parameter is the freezing speed. The 

quicker the sample is frozen the smaller the water crystal, so it minimizes the tissue 

damages. For example, freezing in liquid nitrogen is frequently used. 



Sections with variable thickness can be obtained by different methods. Higher 

hardening of samples permit thinner sections. Freezing and embedding are two 

methods for hardening tissues. Paraffin and resins are substances for embedding that 

after infiltrating the sample become solid. Be aware that the dimensions of sections 

and objects in this image are not at the same scale. For example, a grid is much 

smaller than a slide. The dimensions µm and nm indicate section thickness. 

Embedding is a widely used method for hardening samples. Embedding substances 

in liquid state are infiltrated in the samples and after a period of cooling or polymerization 

the embedding substance, and therefore the sample, gets solid without altering the 

morphological or molecular features of tissues. In this way, depending on the embedding 

substance, very thin section can be obtained without breaking or spoiling the tissue. In 

addition, embedding is a good method for preserving samples during long periods of time. 

A number of embedding substances are available to get specific section thickness and for 

performing particular processing methods of the sections. For light microscopy 

observation, paraffin is the most common embedding substance. Celoidine is another 

embedding medium for light microscopy. For electron microscopy, epoxy and 

acrylic resins are the most used embedding substances. The majority of the embedding 

media are not hydrosoluble, i.e., they are not miscible with water. It means that the water 

of the sample should be exchanged with water insoluble liquids. If some water is 

remaining in the sample, the embedding process does not properly reach all the sample 

parts, so that we will have sections and tissues with poor quality. 



3 .  P A R A F F I N  E M B E D D I N G  

To observe tissues at light microscopy, paraffin is the most widely used embedding 

compound. The paraffine embedding procedure of fixed samples is described below. 

Paraffin is a wax-like substance composed of a mix of saturated hydrocarbons. It 

is solid at room temperature. The melting point is between 44 and 74 ºC, depending on the 

composition of hydrocarbons mix. Thus, harder paraffin at room temperature melts at 

higher temperatures, whereas soft paraffin melts at lower temperatures. Tough samples are 

recommended to be embedded in hard paraffin. Most used paraffin have a melting point 

close to 64 ºC. Some substances can be added for modifying hardness, viscosity and 

fragility of paraffin. 

Paraffin is not miscible with water, but tissues are mostly water. In addition, most 

fixatives are aqueous solutions. This means that water must be removed from tissues 

before they are infiltrated with paraffin. It is done by dehydration of tissues with alcohol, 

mostly ethanol, from a graded series of alcohols from 54º to 044º (absolute o pure 

alcohol). All the water needs to be removed for a good embedding. After dehydration, 

samples are transferred to an intermediary liquid, like xylene, benzene, propylene oxide, 

or toluene, which are miscible with both absolute alcohol and paraffin. These are clearing 

substances and we can check their infiltration in the sample by observing how translucent 

the sample is. The immersion of the sample in the intermediary liquid, like xylene and 

toluene, must not last very long because they harden the samples and getting sections 

might be more difficult. 

The last step of the embedding procedure is to plunge the sample in melted paraffin. 

It is done in an oven at a temperature properly set for the paraffin type we are working 

with. For a complete replacement of the intermediary liquid with paraffin, three changes in 

fresh paraffin are recommended. How long the samples are incubated in paraffin depends 

on the intermediary liquid, size of the sample, and type of paraffin. For example, it should 

be longer for large samples. However, if the immersion last very long, paraffin may 

harden the sample. On the other hand, short paraffin incubation times may render poor 

paraffin infiltration, which can be worse than long incubation times. After the complete 

substitution of the intermediary liquid by paraffin, the sample is placed properly oriented 

in a mold with liquid paraffin Then the mold with the infiltrated sample and the paraffin 

surrounding the sample are leave at room temperature or on a cooled plate so that paraffin 

gets solid. 



Paraffin embedding procedure for fixed samples. Incubation times need to be 



adapted to particular sample size, fixative, intermediary liquid, and what the 

tissues is intended for. This sequence of steps is the most used in paraffin 

embedding. 

3 .  R E S I N  E M B E D D I N G  

Very thin sections, less than 044 nanometers, are needed if we want to study 

the ultrastructure of cells at transmission electron microscopy. These sections, known 

as ultrathin sections, can be obtained from very hard material using ultramicrotomes, 

special microtomes designed for obtaining very thin sections. Samples can be hardened by 

fast and deep freezing or, more frequently, by embedding the sample in resins. Epoxy 

resins are the most common embedding medium for electron microscopy studies. Liquid 

resin is infiltrated in the samples and is later polymerized without affecting (much) the 

ultrastructure of cells. 

The standard procedure embedding with for epoxy type resins is similar to that 

described for paraffin embedding, but with some modifications. The protocol starts with 

fixation of samples by immersion or perfusion, and follows with dehydration, 

intermediary liquid, infiltration with liquid resin and resin polymerization to get it solid. 

Some resins are partially miscible with water, like the acrylic LR white, and a total 

dehydration of the sample is not necessary, nor an intermediary liquid. Polymerization of 

epoxy resins proceeds usually at 64 ºC, while some media like methacrylate needs 

ultraviolet radiation at low temperature, which is good for histochemistry. 

Tissues embedded in epoxy-type resins for transmission electron microscopy studies 

are usually treated as following: 

a) Fixative solutions contain glutaraldehyde, and there is a postfixation step with 

osmium tetroxide. It is a twofold fixation, with glutaraldehyde preserving the cellular 

ultrastructure and osmium tetroxide retaining the lipids in the cell membranes, that 

otherwise would be extracted during later dehydration, lipid solvent, and polymerization 

steps. 

b) Samples intended for resin embedding are much smaller than those for paraffin 

embedding. They are usually a few millimeters thick, because we are not interested in the 

general organization of tissues but in the ultrastructural features of small regions or even 

of a particular cell type. If we want to study different regions of the same organ, it is 



recommended to obtain small pieces of each region we are interested in, and embed them 

in different resin blocks. 

c) Most resins for embedding are not hydrophilic. So, the water must be removed 

from the sample and be exchanged with an organic solvent, the intermediary liquid. The 

samples are dehydrated in ascending ethanol grades. Acetone can also be used. Propylene 

oxide are the common intermediary liquid between the absolute ethanol, or acetone, and 

the resin. 

d) Hardening of resin is not by cooling, but by polymerization, usually done at 64 

°C. 

e) Several molecules can be added to the embedding medium, the resin, to modify 

the polymerization speed and hardness of the final resin block. They are known as 

accelerators and hardeners, respectively. Epoxy-type resins provide a homogeneous 

polymerization and it is easy to get regular ultrathin sections. On the other hands, 

obtaining good polymerization and proper sections is a bit more difficult. 



General protocol for embedding in epoxy-type resins of fixed samples. Time in 

each liquid may be changed according to the sample type and size. 

 

 



4 .  S E C T I O N I N G  

Fine features of tissues and cells are visualized with microscopes. However, only 

small thickness samples can be readily observed with microscopes, otherwise there would 

be diffusion and poor penetration of light in light microscopy, or electrons in transmission 

electron microscopy. For these reasons, it is necessary to obtain sections from tissues we 

want to study. Section thickness may rank from hundreds of micrometers to a few 

nanometers. Some tissues, like blood or cell cultures, can be observed without sectioning 

after they are extended onto a slide or because they are a few cells thick. 

Microtomes are the laboratory apparatus for obtaining histological sections. There is 

a wide range of microtomes designed for different purposes: obtaining sections with 

different thickness, cutting soft or hard embedding media, or tissues not embedded at all, 

and to obtain sections from frozen samples. 

Most common microtomes: 

Paraffin microtome. It is designed to obtain sections from paraffin embedded 

samples. The section thickness may range from 5 to 24 µm, and they are intended for light 

microscopy studies. This type of microtome is present in every histology lab. 

Hand microtome. It is a very simple and easy-to-use apparatus consisting of a 

sample holder that can be raised manually. The microtome is held with a hand and 

sections are obtained with a blade handled with the other hand. It is useful for plant 

samples, which have hard tissues and can be cut without embedding. Sections thickness 

are usually above 044 µm, intended to be observed at light microscopy. 

Vibratome. It can cut not-embedded material (relatively soft samples) and produces 

sections ranging from 34-44 µm to hundreds µm in thickness. These sections are studied 

at light microscopy. 

Freezing microtome. With this microtome, 34 µm to 044 or 244 µm thick sections 

can be obtained from frozen samples. The sections are for light microscopy studies. 

Cryostat. From frozen samples, 04 to 44 µm thick sections can be obatined and be 

studied at light microscopy. 



Ultramicrotome. This apparatus is able to cut samples embedded in resin and obtain 

sections ranging from dozens of nanometers (semithin sections) to 0 µm in thickness. 

Thicker sections (4.5 µm or higher) are studied at light microscopy and those thinner than 

044 nanometers are intended for transmission electron microscopy. 

Ultracryotome. It is not a widely used apparatus in histology labs, but it is needed 

when ultrathin sections (nanometers in thickness) have to be obtained from non-

embedded material. These samples are first frozen, therefore hardened, and then ultrathin 

frozen sections can be obtained for transmission electron microscopy studies. 

Traditionally, the most used microtomes for the study of the general features of 

tissues are the paraffin microtome for light microscopy and the ultramicrotome for 

transmission electron microscopy. Nowadays, the cryostat is gaining popularity because it 

saves time (all the embedding process) and provides a general better molecular 

preservation; It can even cut non-fixated material. 

P A R A F F I N  M I C R O T O M E  

Microtome for obtaining sections from paraffin embedded samples are probably the 

most used apparatus in the histology labs. It has a blade, a sample holder and a mechanical 

device able to move the sample toward the blade at selected steps of a few microns in 

length, and then gets the section. 

 
Figure 0. Paraffin microtome with rotary mechanism. 

There are two basic types of paraffin microtome: rotary and sliding 

microtome. Rotary microtome (Figure 0) transforms the rotation movement into an up and 



down movement of the sample, and in each upward movement the sample holder draws 

near the sample toward the blade a distance selected by the user. The holder has built in a 

mechanism to orientate the surface of the sample relative to the blade. During sectioning, 

the blade maintains a fixed position, but the initial position and angle can be regulated. 

This angle is the angle of the blade with respect to the surface of the sample block. Sliding 

microtome (Figure 2) is able to cut sections by moving the blade over the sample holder, 

or the other way around. The movement is by hand, forward and backwardspan>. It is 

before the starting of the forward movement when the paraffin block is raised, or the blade 

lowered, a selected distance that gives a section thickness. 

 
Figure 2. Paraffine sliding microtome. 

Rotatory and sliding microtomes have both advantages and disadvantages. Rotatory 

microtomes are more precise and get uniform sections more easily. Some rotatory 

microtome models come with an electric engine for automatic sectioning. The mechanics 

of sliding microtomes is simple and the disposition of the pieces allows obtaining sections 

from larger surfaces (larger paraffin blocks). Celloiding blocks (another embedding 

medium) can be cut in these microtomes. However, sliding microtomes are not used much 

in histology labs nowadays. 

The paraffin block is trimmed before obtaining the first section (Figure3). We must 

"sculpt" the paraffin block in order to make a truncated pyramid with a trapezoidal upper 

surface, the surface to be cut. It should be trapezoidal because the longest edge of the 

upper surface is the firs to be cut, whereas the smaller edge will be the last. Both edges 

need to be parallel. In this way, the large edge for a new section displaces the previous 

section, which is attached to the blade by the shorter edge. Because both edges are 

parallel, long and straight rows of sections can be obtained in this way. Before we get to 

the embedded tissue, the paraffin between the sample and surface of the block needs to be 

removed by trimming, first by hand and latter with the microtome by making sections 

until the first section with tissue appears. 



 
FIgure 3. Trimming the paraffin block for obtaining tissue sections. 

Before cutting starts, the angle of the blade must be adjusted. This angle determines 

orientation of the surface of the blade compared with the upper surface of the truncated 

pyramid. It is usually set to about 04 degrees, although it can be changed depending on the 

sample features. 

Sections can be obtained in long rows because the short and large edges of adjoining 

sections are attached (Figure 4). The rows are manipulated with small brushes or lancets. 

Before placing the sections onto the slide, they must be extended, so our tissue has no 

grooves or folds. Because of paraffin hydrophobicity, sections can be placed on the 

surface of hot water (about 35 to 44 ºC). In this way, sections are stretched, but paraffin is 

not melted, which happens at about 64 ºC. The expansion of sections can be done in 

heated water baths or in heating plates. I the first case, the sections are directly placed onto 

the water and, once extended, transferred to the slide. In the second case, the slides are 

placed on water that covers the upper surface of the slide, which was previoulsy laid onto 

the heating plate. 



 
Figure 4. After the truncated pyramid has been made and paraffin before the tissue 

has been removed, rows of sections can be obtained with the paraffin microtome. 

Sections are then extended in warm water (34 - 44 ºC). The water can be placed over 

a slide, and the slide onto a heating plate. Slides have been previously treated with an 

adhesive substance to keep the sections attached once the water is evaporated. 

The surface of the slide where the sections are placed needs an adhesive coat for 

keeping the sections attached for further processing. Slides are immersed in solutions 

containing gelatin, albumin, or commercial substances that make possible the adhesion of 

the tissue section to the crystal slide. Treated slides can also be purchased. 

Once the water is evaporated, the rows of sections remain extended on the slide, and 

then they are dried thoroughly in an oven at about 35 to 44 ºC overnight. After they are 

completely dry, they are ready for histological processing. 

5 .  S T A I N I N G  

At light microscopy, most of the animal tissues are colorless, excepting those 

containing some pigments like hemoglobin in the blood or melanin in the epidermis. 



However, plant tissues show a wider variety of pigments that allow some light microscopy 

studies. The cell wall helps to discern plant tissue cells and structures. When first light 

microscopes were invented, lab researches had to discover how to stain tissues in order to 

observe their morphological features. Some common pigments like carmine and eosin, 

dissolved in water, could stain some tissue structures. The expansion of the fabric industry 

in the XIX century, and the need to color the clothes, led to a fast development of a large 

diversity of dyes and pigments. Many of these substances were used as dyes in both 

animal and plant histology from the mid-00th century nowadays. During this time, 

histological staining has witnessed an enormous development with new techniques and 

synthetic dyes that fulfill most of the researcher needs. Molecular biologists have 

developed new techniques to label cells and tissues, such as immunostaining by using 

antibodies, or in situ hybridization by using ARN and DNA labeled probes. There are even 

more sophisticated techinques, like transgenic animals with modified genes that, when 

expressed, produce fluorescent proteins like the green flourescent protein (GFP), that can 

be observed with fluorescence microscopes. 

In these pages, we are going to deal with basic and common techniques used in most 

histology labs, but we won't go into detailed protocols of more complex techniques. We 

divide the common hitological techniques in five groups: 

a) General staining are staining techniques that use colored substances, or dyes, that 

binds to tissular structures by electro-chemical affinity. 

b) Histochemistry include those techniques involving chemical modification of 

some molecules already present in the tissues that allow the binding of dyes. In this 

section, staining methods based on the enzymatic activity of tissular enzymes will also be 

included. 

c) Lectins, such as selectins, are proteins bearing molecular domains that are able to 

recognize carbohydrates and carbohydrate bonds. The recognition is so specific that 

lectins are used to identify carbohydrates present in glycoproteins of cell membranes and 

extracellular matrix, as well as mucopolysaccharides. Lectins recognize some cell types 

and tissues, and are used as tools to study those tissular components. 

d) Immunohistochemistry is a very powerful technique based on the specificity of 

the antibodies. Antibodies are produced as a result of the immune response of an animal 

host after the injection of a foreign molecule, the antigen. Purified antibodies from the host 

animal are used to recognize this molecule in tissue sections. 



e) In situ hybridization are used in histology to study gen expression by detecting 

messenger RNA (mRNA). It is based in the recognition of two nucleotide single strands 

having complementary sequences. This recognition is known as hybridization. One of the 

sequences is called probe, which is labeled with a marker and used to identify a particular 

mRNA in the section. In situ hybridization is a highly specific detection technique because 

only complementary mRNAs are hybridized. 

5 .  G E N E R A L  S T A I N I N G  

Most tissues, specially animal tissues, are colorless. Dyes are colored substances 

with affinity for specific molecules of tissues, so they get attached to the tissue and 

provide color. Staining is the process for coloring tissues by using dyes. It allows 

visualizing cells and extracellular matrix to be studied with light microscopes. Staining is 

usually done on tissue sections and cell smears. The most common sections for staining 

are those obtained from paraffin embedding and frozen tissues. Dyes are the main 

components of the general staining protocols performed in histology labs. 

A dye molecule has two domains: the chromogen provides the color and 

the auxochrome makes possible the binding to the tissue. Chromophore is the molecular 

structure of the chromogen that absorbs a particular light wavelength. The auxochrome 

may affect the final color and some dyes have more than one auxochrome group. 

Auxochromes are chemically variable: can be ionizable, can react with metallic ions (they 

are then called mordant), or can react with tissular molecules. Most dyes are hydrosoluble. 

Some dyes that have no ionizable groups are useful for the staining of fat, like lipid 

droplets. 

Dyes can be classified considering the chemicall composition of the 

the chromophore: nitro dyes, azo dyes, anthroquinone derivates, quinone imine derivates, 

acridine derivates, deferril methane and triferril methane derivates, xanthene derivates and 

phthalocyanine derivates. 

The chemical nature of the auxochrome divides dyes in several groups: 

Basic dyes. They are salts where the base, usually an amine group, provides the 

color, whereas the acid is colorless. That is, they are cationic dyes. They have affinity for 

acid substances like DNA and some compounds of the extracellular matrix like 

glycosominoglycans. These dyes bind to the tissue by electrical forces. They are 



commonly used to stain nuclei, ARN, mostly the abundant ribosomal RNA, as well as 

some extracellular matrices rich in acid molecules. Thionin, saphranin, toluidin blue, 

methylene blue and haematoxylin (hematein) are examples of basic dyes. 

Acid dyes. They are salts with a colored anion and a colorless base, derived from 

sulfonic, carboxyl and phenolic hydroxyl groups. They have affinity for basic substances, 

mostly cytoplasmic proteins and collagen of the extracellular matrix. They bind to tissues 

by electrical attraction . Acid fuchsin, fast green, orange G and eosin are examples of acid 

dyes. 

Mordant dyes. They are dyes that need the help of metallic salts to be effective dyes. 

Metallic salts can be used before, during or after the dye. Mordant dyes may be anionic or, 

less frequently, cationic. They are commonly used for nuclear staining. Heidenhain ferric 

haematoxylin is a mordant dye. 

Neutral dyes. The basic and acid parts can both provide color. Thus, the same dye 

can stain acid and basic structures of the tissue. Eosin-methylen blue is an example of 

neutral dye. 

Hydrophobic dyes. They do not bind to tissues by electrical affinity. They are 

actually dissolved in tissular compounds. For instance, Sudan dyes are dissolved in fat, 

and therefor it stains cellular lipid droplets, clearly visible in adipocytes. 

In histology, dyes are used in very high concentration and the tissues are really small 

samples. That is why staining solutions can be used many times before their staining 

capability decreases. There are two ways of staining: progressive and regressive. 

During progressive staining, as long the tissue is in contact with the dye the intensity of 

the staining (the intensity of the color) increases. Thus, a proper intensity is acomplished 

controlling the dye concentration ant staining time. In regressive staining, there is first a 

saturation of the stain, i.e., no more dye can be got by the section, and then there is a 

discoloration process. Decreasing the intensity of the staining is usually achieved with 

alcoholic solutions, so the desired staining intensity can be got controlling the 

concentration of the alcoholic solution and discoloration time. 

When several tissular structures have to be deferentially stained, it is common to use 

staining procedures containing several dyes that bind specifically to particular cell types or 

component of the extracellular matrix. For example, the Mallory's trichome stains collagen 

in green and muscle cells in red, by using aniline blue, acid fuchsin, and orange G. 



Metachromasia is a property of some dyes that are able to change their color when 

they are bound to the tissue compared with the color they have in solution. It happens 

when the light absorption of the dye changes after the binding to tissular components. For 

example, toluidine blue can give blue, green and purple colors depending on which 

molecules it is attached to. Ortochromasia is when the color of the dye is the same in the 

tissue and in solution. 

General stanining. The haetamoxylin-eosin histological technique is probably the 

most used staining procedure for paraffin sections (Figures 0 and 2). Haematoxylin 

(haematein) stains acid substances and eosin the basic compounds of the tissue. Before the 

staining, sections should be treated for removing paraffin and hydrated because both dyes 

are hydrosoluble. These processes are not needed for cryostat frozen sections. 

 



Figure 0. Haematoxylin-eosin staining of a glomerulus of a kidney. It is a paraffin 

section. Nuclei are purple-bluish (haematoxylin) and cytoplasms are pink (eosin).

 
Figure 2. Haematoxylin-eosin staining. The time in each step is variable depending on 

the sample and concentration of dyes. Deparaffinization removes paraffin. Tap water 

differentiates haematoxylin, which means that excess and non-specific haematoxylin 

is removed and the color changes to get a final purple-violet color. Dehydration is 



needed for the non-hydrosoluble mounting media. Mounting media do not affect color 

nor tissue features, and have excellent optic properties. Furthermore, they preserve the 

samples for years. After mounting and drying (xylene is evaporated), sections can be 

observed at light microscopy. 

Semithin section staining. Before getting sections for transmission electron 

microscopy, it is advisable to have an idea about the region of the tissue to be studied. 

Transmission electron microscopy sections have a very small surface, so only a small 

portion of the sample is included in one section. That is why it is common to get a 

semithin section (about 4,5 µm in thickness) having a much larger area, to be visualized at 

light microscopy. With the help of this image a very small area of interest can be selected 

for ultrathin sections. Semithin sections are stained with toluidine blue, which can go 

through the resin (embedding medium) when applied at high temperature (Figures 3 and 

4). 

 
Figure 3. Semithin section of a kidney glomerulus stained with toluidin blue. The 

embedding medium (Durcupam resin) has not being removed.



Figure 4. Staining of semithin sections with tolouidin blue. Resin porosity allows the 

dye to reach the tissue. There is no need for removing the resin. 

Contrast of ultrathin sections. Although ultrathin sections can be observed at 

transmission electron microscopy without any treatment, they are routinely treated 

with heavy metals for optimal visualizing of ultrastructures, procedure known as contrast 

(Figures 5 and 6). Contrast is not a staining because it does not provide color, but it is 

commonly used for studying cell ultrastructure. That is why we are dealing with it in this 

page. It must be stressed that electron microscopy do not need dyes but molecules 

interfering with electrons emitted by the electron microscope and crossing the ultrathin 

section. After the contrast, heavy metals that remain in the tissue prevent the electrons to 

go through the section. Electrons that are able to cross the section can impact onto a 



fluorescent screen. In this way, dark areas, lines or points in the screen mean areas, lines 

or points in the tissue with heavy metals. Since electrons impact onto a fluorescent screen, 

all the original electron microscopy images are in gray scale, from white to black. 

Figure 5. 

Contrast of ultrathin sections. Time in uranyl acetate and citrate lead may change. 

Sodium hydroxide decreases the air moisture for preventing the precipitation of 

lead. Washing in distilled water are by several fast immersions in each distilled 

water step. It is known as deeping.



Figure 6. Transmission electron microscopy images. The dark structures 

correspond to heavy metal present in the section. The intensity of gray correlates 

with the amount heavy metals. 

5 .  H I S T O C H E M I S T R Y  

Here, we are dealing with techniques that include chemical reactions involving 

molecules of the tissue (immunohistochemistry and lectin histochemistry are described in 

the next pages). The goal of histochemistry techniques is to detect specific molecules in 

tissue sections and therefore it is posible to study their distribution "in situ", that is in the 

tissue. These molecules can not be readily distinguished by general staining techniques. 

The tissue has to be treated to reveal the molecule we are interested in. Histochemical 

techniques can be divided in two groups: chemical reactions and histo-enzymology. 

Chemical reactions are modifications of tissular molecules that allow them to be 

colored. There are histochemical procedures for staining carbohydrates, proteins and 

nucleotides. PAS (Periodic Acid Schiff) is the most popular histochemical technique for 

detecting free or conjugated carbohydrates that can be visualized when they are relatively 

abundant in the tissue (Figures 0 nad 2). The chemical modification consists in the 

oxidation by periodic acid of close carbon links that have hidroxyl groups. This reaction 

forms aldehyde groups that are recognized by the Schiff reactive providing a brilliant red 

color. Schiff reactive contains pararosaniline (a component of the basic fucsin), which has 

been previously treated with sulfuric acid. PAS technique is able to discriminate different 

types of carbohydrates by adjusting the procedure. 



Figure 0. Haematoxylin-eosin staining (on the left) and PAS-haematoxylin (on the 

right) staining of human intestinal crypts in transverse view. Globet cells are stained 

in pink with PAS histochemistry because of high content in mucopolysaccharides, 

whereas in the general staining they are not stained. Nuclei are stained with 

haematoxylin. 



Figure 2. PAS-haematoxylin procedure on paraffin sections. Steps with green letters 

include the histochemical reactions. 

Histoenzymology, or enzyme histochemistry, is based on the capacity of some 

enzymes to keep their activity after the tissue fixation. These enzymes, and the cell they 

are located in, can be visualized after the conversion of soluble and colorless substrates 

in insoluble and colored products by the enzyme activity. Substrates are specific for the 

enzyme and the products precipitate in the place where the enzyme is. There is a diversity 

of enzymes that can be detected with this method, such as peroxidases, phosphatases, 

dehydrogenases, diaphorases, acetylcholinesterase, and some others. It should keep in 



mind that fixation and embedding of the tissue may affect the enzyme activity. Embedding 

should be avoided because dehydration and high temperature may damage the enzyme and 

therefore its activity. That is why histoenzymology is mostly done on freezing or 

vibratome sections, where no embedding is needed. 

NADPH diaphorase activity in the nervous system is performed by the endothelial 

and neuronal nitric oxide synthase enzymes. Nitric oxide has been involved in the control 

of the blood flow and neuronal activity. By using histoenzymology, neurons (Figure 3) 

and endothelial cells expressing these enzymes can be quickly and easily identified in 

tissue sections. The enzymatic reaction is: NADPH + nitroblue tetrazolium = NADP
+
 + 

formazan. Formazan is the colored and insoluble product of the reaction that can be 

observed at light microscopy. An interesting property of formazan is some 

electrondensity, so it can be also observed at transmission electron microscopy. 

Figure 3. NADPH diaphorase histoenzymology. NADPH diaphorase activity in a 

64 µm section of a rat brain. Neuronas expressing nitric oxide enzyme are colored 

in dark blue.



NADPH diaphorase procedure. After fixation, ideally by perfussion, membranes 

are permeabilized with a lipid detergent like TX-044. The developing step is done 

at 37 ºC and the final staining intensity is controlled at the microscope. The 

concentration of NADPH and blue tetrazolium salts may change depending on the 

tissue and fixation. 

5 .  L E C T I N S  

General staining and histochemistry may detect subsets of tissular molecules, but, 

except histoenzymology, they are not very specific. There are other techniques that 

specifically detect a molecule or molecular domain by taking advantage of the properties 

of molecules like lectins and immunoglobulins, which can recognize and link to a 

particular molecule or molecule domain. Lectins are proteins used to detect different types 

of carbohydrates and carbohydrate moieties. Although there is no chemical modification 

of tissular molecules, lectin technique are be usually found in histochemistry sections of 

textbooks. 

Lectins are proteins containing molecular domains that are able to recognize 

terminal carbohydrates present in olygosaccharide chains. The saccharides may be either 

free or as part of other molecules like glycoproteins. Thus, lectins recognize 

glycoconjugates, and they can be found in animals and plants with many fucntions. For 

example, the exit of lymphocytes from blood vessels are mediated by a type of lectin 



known as selectin. Endothelial cells near a damaged tissue express selectins in their 

surface that recognize and link carbohydrates of the lymphocyte surface. Once it is 

attached to the endothelial surface, the lymphocyte can cross the endothelial layer. In the 

histology lab, lectins are used to study the distribution of a variety of glycoconjugates. 

Each lectin specifically recognizes a particular carbohydrate. There are 5 types of lectins 

that recognize mannose (Man), galactose/N-acetylgalactosamine (Gal/GalNAc), N-

acetylglucosamine (GalNAc), fucose (Fuc) or sialic acid (Neu5AC), respectively. 

There are many commercially available lectins that are named after the animal or 

plant they were isolated from. In the next table are shown the most used lectins and the 

carbohydrates recognized. 

Carbohydrate Scientific name Acronym Specific carbohydrate 

Glucose / 

Mannose 

Galanthus nivalis 

 

Canavalia ensiformis 

Lens culinaris 

Pisum sativum 

GNA 

 

Con-A 

LCA 

PEA 

Manα0,3Man > Manα0,6Man > Manα0.2Man 

αMan > αGlc > GlcNAc 

αMan > αGlc > GlcNAc 

αMan > αGlc > GlcNAc 

N-Acetyl-

glucosamine 

Griffonia simplicifolia 

 

Datura stramonium 

Tritricum vulgare 

GSA-II 

 

DSA 

WGA 

Terminal α,βGlcNAc, glycogene 

Galβ0,4GlcNAc(N-acetyllactosamine) > GlcNAc 

GlcNAc(β0,4GlcNAc)0-2 > β0,4GlcNAc0NeuAc 

N-Acetyl-

galactosamine 

/ galactose 

Dolichus biflorus 

Helix pomatia 

Arachis hypogaea 

Ricinus communis 

DBA 

HPA 

PNA 

RCA-I 

GalNAcα0,3GalNAc > αGalNAc 

GalNAcα0,3GalNAc > αGalNAc 

Terminal Galβbe0,3GalNAc 

Terminal βGal > αGal > GalNAc 

L-Fucose 

Aleuria aurantia 

Lotus tetragonolobus 

 

Ulex europaeus 

AAA 

LTA 

 

UEA-I 

αL-Fuc 

αL-Fuc > αL-Fuc0,2Galβ0,4GlcNAc > L-

Fucα0,2Galβ0,3GlcNAc 

αL-Fuc 

Sialic acid 
Maackia amurensis 

Sambucus nigra 

MAA 

SNA 

NeuAcα2,3Galβ0,4GlcNAc 

NeuAcα2,6Gal = NeuAcβ2,6GalNAc 

 

 

Table 0. Common lectins used in histology labs. Carbohydrates they recognize and species they were 

obtained from are shown, as well as the acronym and the specific carbohydrate bond for each lectin. The 

symbol > means decreasing affinity to the right, meaning that a lectin can detect the same carbohydrate with 

a variety of chemical links, but with different affinity. 



The distribution of lectin-carbohydrate binding in the tissue may be studied by using 

different methods. In the direct detection methods, lectins are conjugated with enzymes, 

like peroxidase or alkaline phosphatase, or with fluorescent molecules (Figure 0). Once 

the lectin is attached to the tissue, the activity of conjugated enzyme can be observed by 

using specific substrates (histoenzymology), whereas fluorescent molecules can be 

observed with the fluorescent microscope. In the indirect detection methods, an interposed 

molecule is placed between the lectin and the enzyme or fluorescent molecule. Lectins are 

usually conjugated with biotin, and biotin is detected with avidin-enzyme or avidin-

fluorescent complexes (Figure 2). In tissue sections, lectins can also be detected by 

immunohistochemistry, that is specific antibodies obtained against the lectin. 

Figure 0. Carbohydrate detection with lectins by indirect methods. Sections of the 

epithelium of tuberculate abalone (Haliotis tuberculata). The image on the right 

shows glucosamine positive cells (brown color) detected with biotin-conjugated 

WGA lectin and posterior enzymatic development by using avidin-conjugate 

peroxidase. The image on the right isshowing cells (blue color) positive for fucose 

detected with digoxigenin-conjugated AAA lectin and developed with alkaline 



phosphatase.

 
Figure 2. Carbohydrate detection with lectins. The incubation times may change 

depending on the lectin type and tissue. This is an indirect detection method because 

lectin is conjugated with biotin and the enzyme is part of ABC (avidin peroxidase 

complex). The colored labeling is the result of the activity of the enzyme that 

transforms the H2O2 substrate and DAB is then reduced and precipitates in insoluble 

colored substance form. BSA (bovine serum albumin) is used for blocking 

nonspecific binding sites. If the positive structures are intended to be observed at light 

microscopy, vibratome thick sections are used instead of paraffin sections. 



Lectin labeling is usually combined with other techniques that get more information 

about the carbohydrate composition of tissular glycoconjugates. For example, desulfation 

uncovers sulfate ester bonds of the terminal chains, and removing beta glycosidic bonds 

allows knowing if carbohydrate chains are O-linked (attached through a oxygen on a 

hydroxyl group) or N-linked (attached through a nitrogen) type glycans. Alkalinization 

removes O-linked bonds. 

5 .  I M M U N O H I S T O C H E M I S T R Y  

Immunohistochemistry is a technique for studying the tissular location of particular 

molecules by using antibodies. In the last decades, it has become a common histological 

procedure boosted by the availability of a wide variety of commercial antibodies and the 

standardization of the protocol. It is an easy, fast and very powerful technique that relies 

on the high affinity and specificity of the antibody-antigen reaction. To visualized the 

antibody-antigen reaction, antibodies are conjugated or combined with enzymes or 

fluorescent molecules that amplify enormously the detection threshold. 

Antibodies used in immunohistochemistry are G type immunoglobulins, produced 

by B lymphocytes of the immune system. There is a massive production of G 

immunoglobulins when an animal is inoculated with a molecule that is recognized as 

strange by the immune system. These immunoglobulins are released and found in the 

blood, from where they are later purified and used for immunohistochemistry. 

Complex molecules like proteins may have several antigenic determinant sites, that 

is, molecular domains capable of starting an immune response. An antigenic determinant 

activates a B lymphocyte clone, or lineage, that produces the same type of G 

immunoglobulin against that molecular domain. Immunoglobulins from all activated B 

lymphocyte clones after the injection of a complex molecule are found in the blood serum. 

A polyclonal antibody is the purified serum containing the immunoglobulins from all the 

activated B lymphocyte clones (Figure 0). On the other hand, individual activated clones 

can be extracted from the animal body and cultured in vitro. Each colony of each single in 

vitro culture contain B lymphocytes that produce the same G immunoglobulin, which 

recognizes one antigen determinant of the injected molecule. The supernatant of each 

culture can be purified, which is therefore known as monoclonal antibody. 



Figure 0. Obtaining polyclonal and monoclonal antibodies. 

G immunoglobulins have two molecular domains or regions: variable and 

crystallizable. The variable region (Fab) is responsible for recognizing the antigenic 

determinant, or epitope, in the foreign molecule. Each G immunoglobulin molecule has 

two equal variable domains, i.e., they recognize the same antigenic determinant, so that 

each single G immunoglobulin may bind two foreign molecules at the same 

time. Crystallizable regions are similar for all G immunoglobulins produced by individuals 

of the same species. 



If the epitope is modified, the antigen-antibody reaction will be weak or not 

happening at all because the antibody is not able to recognize the epitope. Thus, 

the fixative and fixation method have to be chosen carefully to preserve the features of the 

epitope in the tissue. Thus, different fixatives are used depending on the nature of 

molecule to be detected. In addition, embedding may add damages to epitopes; for 

example, paraffin embedding is not recommended for the detection of some molecules 

because dehydration and heat harm the antigen-antibody reaction. The best preservation 

for most epitopes is achieved in frozen and vibratome sections, after a proper fixation. 

Immunoglobulins are molecules that cannot be visualized with a light microscope, 

Therefore, they must be conjugated (bound) to other molecules that help in visualizing the 

antigen-antibody reaction (Figure 2). There are two types of molecules that are usually 

conjugated with antibodies: fluorescent molecules and enzymes. Fluorescent molecules 

can be directly visualized with fluorescent microscopes and the enzyme activity produces 

colored and insoluble products that can be observed at light microscopy. In both cases, the 

signal (what we can observe) are located where the antigen-antibody reaction occurred. 

Direct immunohistochemistry means that the primary antibody is conjugated with a 

label molecule, either an enzyme or a fluorescent molecule. Nowadays, indirect 

immnunohistochemistry is more common. It means that the primary antibody is not 

conjugated with any molecule and there are other molecules between the primary antibody 

and the label molelule  

Immunodetection based on enzyme activity is known as immunohistochemistry, or 

immunocytochemistry. It uses enzymes that produces permanent labeling after 

dehydration and coverslipping the sections. The most common enzymes used in 

immunohistochemistry are horseradish peroxidase and alkaline phosphatase. Direct 

immunohistochemistry was developed first, and later it came the peroxidase-anti-

peroxidase indirect method (Figures 2). Nowadays, biotin-conjugated secondary 

antibody combined with avidin-biotin-peroxidase or streptavidine-peroxidase is the most 

common method (Figures 3 nad 4). Indirect methods provide higher versatility and more 

sensitivity (more signal for an amount of epitopes). 



Figure 

3. Immunohistochemistry for tyrosine hydroxylase. Indirect immunohistochemistry 

developed with horseradish peroxidase enzyme activity.

Figure 4. Indirect 

immunohistochemistry developed with persoxidase activity. 

Immunofluorescence uses fluorochrome-conjugated immunoglobulins (Figures 5 

and 6). It has a number of advantages and some drawbacks. It takes advantage 

of fluorochromes, molecules that emit visible light when stimulated with a specific light 

wavelength. Although immunofluorescence can be used to study just one molecule, its real 

power is for detecting multiple molecules in the same cells or tissues, that is, co-



localization of molecules. It is possible because different fluorochromes are excited in 

particular wavelength ranges so that two or more fluorochromes can be specifically 

excited by using a set of filters that let pass selected wavelength intervals. Pictures can be 

taken after excitation with each wavelength and the images are overlapped to study if an 

immunopositive structure, for example a cell, is labeled in more than one image, which 

means that there is co-localization. Immunofluorescence has some drawbacks, such as not 

being a permanent labeling because the visible light emitted by fluorescent molecule fade 

away with time. 

Figure 5. Immunofluorescence with double detection by using mouse anti-

calbindin (on the left) and rabbit anti-parvalbumin (on the right) primary 

antibodies in brain sections. Secondary antibodies were conjugated with 

fluorescein (anti-IgG-mouse-fluorescein; on the left) and with Texas-red (goat 

anti-IgG-rabbit-Texas red; on the right). Neuronal somata and nerve processes can 

be observed. Withe arrows indicate neurons that express both, calbindin and 

parvalbumin. Blue arrows indicate neurons expressing only parvalbumin. The dark 

areas of the image are immunonegative.



Figure 6. Co-localization of two molecules by immunofluorescence. The primary 

antibodies need to be from different species because fluorescent-conjugated 

secondary antibodies have to specifically recognize them. 



 

Figure 2. Detection methods for antigen-antibody reaction. 

5 .  I N  S I T U  H Y B R I D I Z A T I O N  

The in situ hybridization technique is intended to detect a nucleotide sequence of 

interest by using its complementary nucleotide sequence, called probe. The 

complementarity, that is, the hybridization between the nucleotide sequence and the probe, 

is the base for the specificity of this technique. In this way, it can be studied when and 

where the expression of a particular gen is happening in a tissue, by detecting the 

messenger RNA, which tell us about the cell physiology. In situ hybridization can also be 

used for detecting the physical localization of a gen in a chromosome. In general, in situ 

hybridization is not as widely used in histology labs as immunohistochemistry. However, 

it provides information about the physiology behavior of the cell that cannot be fetched 



with other techniques. In situ hybridization may be performed on cell cultures, tissue 

sections or the entire animal, usually embryos. It is a technique very useful for studying 

embryo development, stem cell differentiation, gen manipulation or cell physiology. 

Tissue 

Sections, organs or embryos have to be treated before the probe is added for 

hybridization. As usual, samples need to be fixed and the common fixative is 

paraformaldehyde. It is better to perform hybridization on frozen sections, instead of 

paraffin sections, because the messenger RNA is well preserved. In addition, after fixation 

and cryoprotection, samples can be stored at -24 ºC for a long time, or samples can be 

fixed and immersed in methanol and stored at -24 ºC for months. 

Single strands of RNA are easily degraded by RNAases, which are almost 

everywhere, and precautions have to be taken to prevent losing the RNA. It is mandatory 

to wear gloves because there is a huge amount of RNAase in our fingerprints and lab-ware 

needs to be sterilized in an autoclave (not to remove bacteria but to inactivate RNAase). 

Other advisable step is a treatment of the tissues with proteases to improve the penetration 

and diffusion of the probe. Sometimes it is convenient to block unspecific binding of the 

probe by acetylating with triethanolamine buffer and glacial acetic acid. 

Probe 

In situ hybridization is based in nucleotide complementariety (A-T, or A-U, and G-

C). In the same way that immunohistochemistry uses antibodies, in situ hybridization uses 

a nucleotide sequence, or probe, which is complementary to the RNA sequence we want to 

detect. The probe is a single strand labeled with molecules that can be detected later. The 

size of the probe (the number of nucleotides that forms the sequence) usually ranges 

between 54 and 344 nucleotides, but larger probes can be used. Probes can be labeled with 

radioactive isotopes (isotopic hybridization) or conjugated with non-radioactive molecules 

(non-isotopic hybridization). Nowadays, non-isotopic hybridization is widely used and 

probes are frequently conjugated with biotin, fluorescent molecules, digoxigenin, 

bromodeoxyuridine, or other molecules. 

Sometimes it is hard to get a proper probe, and it may be the reason that 

hybridization is non so widely used in histology laboratories. The design (the sequence) 

and synthesis of the probe is not easy. Furthermore, the sequence has to be specific for the 

species we are working with. The same gene has no identical sequences in two species, 



hence the probe for one species does not probably work in the other. However, once a 

working probe is gotten the hybridization technique is easy and reliable. 

The first thing to get a working probe is to know the nucleotide sequence of the 

mRNA with want to detect. The sequence may be already available in some database in 

Internet and then a lot of effort is saved because nowadays customized nucleotide 

sequences can be purchased. Some companies are able to synthesize long DNA strands 

with customized sequences. DNA strands up to 0444 nucleotides are easy to get. Probes 

can be obtained by transcribing these sequences. Even, labeled probes can be ordered, 

saving time and money. 

However, the sequence to make our probe is sometimes unknown. Thus, the first 

step is to figure out the messenger ARN (mRNA) sequence, which means that we need to 

clone the mRNA we want to detect. Cloning follows several steps. 0) Purification of the 

total RNA of the tissue and retrotranscription of the RNA into cDNA (cloned DNA), that 

is, the mRNA sequences are now in complementary DNA strands. 2) By using short 

sequences known as primers, which are specific for our sequence of interest, and the PCR 

(polymerase chain reaction) technique, multiple copies of our sequence are obtained. This 

process is known as amplification. 3) After purifying the amplified fragments, they are 

inserted in plasmids, and plasmids in bacteria. 4) Bacteria are grown and yield many 

copies of the plasmid. Plasmids divide together with the bacteria DNA in each cell 

division. 5) Plasmids are then purified from bacteria colonies. The inserted fragment in the 

plasmid is sequenced to know if we have the sequence we are seeking. 6) The sequence is 

now transcribed, as in during S phase in normal cells, so that many RNAs are obtained. 

During the synthesis, some modified nucleotides are inserted in the probe. These 

nucleotides are conjugated with molecules, like biotin or digoxigenin that can be detected 

later by immunohistochemistry, or with fluorochromes that can be observed at fluorescent 

microscopy. These RNA labeled transcribed sequences are our probes. 

Hybridization protocol 

Once we have a proper probe, tissue is incubated in a solution containing the probe. 

Then, the hybridization between the probe and its complementary mRNA takes place. 

Those cells expressing the complementary mRNA are visualized by detecting the probe by 

immunohistochemistry (if the probe is labeled with digoxigenin (Figure 0, 2 and 3)) or 

other methods. 



 
Figure 0. Summary of in situ hybridization procedure. NBT (nitro blue tetrazolium) 

and BCIP (5-Bromo-4-chloro-3-indolyl phosphate) are transformed by alkaline 



phosphatase into a blue precipitated visible at light microscopy.

 
Figure 2. Lamprey brain neuronas (blue color) expressing mRNA for the D0 

dopamine receptor.Figure 3. In situ hybridization on sections obtained in a cryostate 

In situ hybridization can be combined with other techniques such as 

immunohistochemisty or general staining. 

6 .  V I S U A L I S A T I O N  

The last step in the histological process is observing the result of the technique 

performed. The resolution power of the human eye is 4.2 mm (resolution power: capacity 

of resolving two closely located points), and a typical eukaryote cell are commonly 

between 04 and 54 µm in size (µm. 0µm=04
-6

 mm). Moreover, if the ultrastructure of the 

cell is going to be studied, we have to visualize cell membranes, which are about 7 nm 

thick. Hence, we need the help of devices to magnify and visualize very small structures 

like cells and cell compartments. These devices are known as microscopes. 

There are two types of microscopes: light and electron microscopes 

Light microscopes, or optical microscopes, use visible light and glass lenses to 

magnify samples up to 0444 times, with a resolution power of 4.2 µm. This is the highest 

resolution that visible light is able to provide because of its wavelength. Light microscopes 

are common for general observation of tissues and cells, and can be found in all histology 

laboratories. 



Electron microscopes are based on the very short wavelength of electrons to get a 

resolution power of 0 nm. They are used for studying the ultrastructure of cells and 

tissues, that is, the subcellular level like organelles, membranes and molecular complexes 

(for example, ribosomes). There are two types of electron microscopes: transmission and 

scanning. The ultrastructure of tissues in ultrathin sections can be studied with 

transmission electron microscopes. Scanning electron microscopes are intended for the 

observation of surfaces. 

The capabilities of microscopes, particularly optical microscopes, can be extended 

by adding some devices. For example, optical microscopes can be modified for observing 

fluorescent molecules, or to study unstained tissues. Each of these particular modification 

are a type of microscopy. Thus, there is fluorescence microscopy, phase contrast 

microscopy, dark field microscopy, etcetera. 

6 .  L I G H T  M I C R O S C O P E S  

Light, or optical, microscopes are essential for histological studies because they 

allow us to visualize cells and morphological features of tissues. Light microscope relies 

on glass lenses and visible light to magnify tissue samples. It was invented in XVII 

century, and has been improved over the years resulting in the powerful modern light 

microscopes. The most remarkable improvement has been getting better glass lenses to 

obtain sharper and non-distorted images, as well as adding devices to explore new ways of 

visualizing tissular features. 

The resolution power of light microscope is 4.2 µm. It is the shortest distance 

between two point where they can be distinguished from each other. This limit is a 

consequence of visible light wavelength. 

Light microscopes contain two main lenses: objective and ocular (eyepieces). 

Objective gathers the light that goes through the tissue, whereas the ocular project the 

tissue image on the eye. The total magnification is the result of multiplying the objective 

magnification by the ocular magnification. For example, if we have a 44X objective (44 

times magnification) and a 04X ocular (04 times magnification), the total magnification is 

444 times. More advanced microscopes can get 0444 to 0544 magnifications (044x 

objective and 04X or 05X ocular). Some light microscopes may contain additional 

internal lenses between the objective and the ocular that can change the total 



magnification. Magnification and resolution power must not be confused because not 

matter how we can magnify an image, including digital methods, the resolution cannot be 

increased. 

Light microscopes are made up of several components (Figures 0 and 2): 

Figure 0. Basic 

components of light microscopes.

Figure 

2. Optical pathway of light going through the different lenses of a typical compound 

optical microscope. 

Ocular lenses, or eyepieces. They form the final image projected into our eyes. 

There are two ocular lenses, one per eye, and that is why current microscopes are called 

binoculars. The first light microscopes had only one ocular lenses, so they were monocular 

microscopes. Nowadays, each ocular lens (as well as objective lens) are made up of 

several lens. In the microscope, at least one of the ocular lenses can be adjusted, that is, 

change the focus of the sample to be adapted to the particular diopters of the observer. 

Objective lenses. They are one on the most important part of the microscopy 

because they are the first lenses that gather the light passing through the tissue. Current 



microscopes have a nose-piece with several objectives, each of one with a different 

magnification power. The more frequent magnifications are: 4X, 04X, 24X, 44X and 

044X (Figure 3). By rotating the nose-piece, the objective can be selected and therefore a 

particular magnification for studying the tissue. Besides magnification, objectives have 

other features to improve the quality of the image. They can be achromatic, apochromatic, 

contain fluorite, flat field feature to prevent peripheral curvatures, interference contrast to 

increase border contrast, etcetera. 

Figure 3. Epidermis visualized by using objectives with different magnificaton power. 

When 044X objective is used, a small drop of a specific type of oil, called 

immersion oil, is placed between the objective and the coverslip (or the sample). Visible 

light refraction is high in the air and results in image alterations when observing at high 

magnifications. Immersion oil minimizes the light refraction rendering sharp images. 

The stage is the platform where the slide with the sample is placed. It has a device to 

hold the slide and another to move the slide manually in the X and Y axis. 

The condenser is a light concentrating lens that focuses the light coming from the 

lamp into the sample. 

The diaphragm is placed between the lamp and the condenser. It increases the 

contrast of the image and the field depth, that is, the distance in the Z axis of the sample 

that looks sharp or is in focus. 

The lamp is the light source. The light goes through the tissue section and is 

gathered by objective lenses. At the beginning of the microscopy, Sun light was used, 

which was focused on the tissue with concave mirror lenses. Nowadays, electric lamps are 

used with a light beam that is adjusted with a diaphragm and a condenser before hitting the 

tissue. The light intensity can be selected by a brightness control dial. 



Fine and coarse adjustment (or fine and gross adjustment) are intended to get the 

sample in focus by changing the distance between the sample and the objective lens. It is 

done by either rising or lowering the stage where the slide is lay on. The distance depends 

on the objective: shorter as magnification increase. It also depends on the specs of the 

objective. Fine and gross means the amplitude of the distance change that can be got it 

with each of them. 

Other types 

Phase contrast. It is a modification of the clear-field microscopy by using special 

objective lenses that take advantage of the very small variations in phase of the light when 

going through the different tissular structures. These small differences are translated into 

changes in amplitude, which can be visualized as image contrast. Then, different tissular 

structures are visualized more or less brilliant. Phase contrast microscopy can be used to 

observe non stained samples, aqueous solutions, and living cell cultures. 

Dark field. Dark field microscopy can replace phase contrast microscopy to 

visualize unstained samples or aqueous samples. Dark field microscopy includes a dark 

disc under the condenser, between the lamp and the condenser. The dark disk lets pass the 

more lateral light only, which hits the sample in an oblique manner. Only the light 

scattered by the sample will be gathered by the objectives. Those areas without tissue are 

black and different tissue densities reflect a variety of light intensities. 

Differential interference contrast (DIC) or Nomarski microscopy. This type of 

microscopy needs special objectives and filters, and enhances the contrast of the sample. It 

is based on a polarizing filter that separates the light into two orthogonal rays, which go 

through the condenser and the sample. Each ray has different path in the sample because 

of tissue densities, and the ray changes in phase compared to the other. The objective 

focuses the sample and the rays pass through a prism filter that produces interference 

between the two rays, resulting in bright and dark areas. At the end, the images look like 

3D images with different levels of luminosity. 

OTHERS 

Stereo microscope. It is also known as dissecting microscope. It is commonly used 

for manipulate small samples and to visualize features that not need large magnifications, 

about 7X to 44X, although 044X can be reached. Samples can be visualized at different 

magnifications by using a zoom system or changing objectives, which is less common. 

Samples can be studied tridimensionally since stereo microscopes are binoculars. In 



addition, they have a wide focal distance, that is, there is a long distance between the 

sample and the objective that makes much comfortable to manipulate samples. 

Illumination of the sample may come from different sources and angles. Light sources can 

be external lamps. 

FLUORESCENCE 

Fluorescence microscopy is used to visualize fluorochromes, fluorescent chemical 

compounds. Fluorescent molecules are able to be excited by electromagnetic radiation 

with a particular wavelength and emit electromagnetic radiation with other wavelength, 

usually in the visible light spectrum. Fluorochromes are used to visualize tissue structures, 

and are commonly used conjugated with antibodies during immunofluorescence protocols 

(Figure 3). The more popular fluorochromes are excited by ultraviolet light, commonly 

produced by mercury lamps, and emit in visible light range. Each fluorochrome is excited 

by a narrow wavelength range, which is selected by special filters placed between the 

lamp and the sample. It is possible to excite several fluorochromes present in the sample 

by using a number of filters with different specs. 

Figure 3. Fluorescence microscopy images. On the left, immunohistochemistry for 

neuropeptide Y in rat brain. Antibodies were conjugated with Texas-red 

fluorochrome. On the right, motoneurons of the lamprey brain labeled with 

fluorescein tracer, which is a fluorochrome. Each fluorochrome has been excited with 

a specific wavelength, and they emit visible light: red and green, respectively. 

More than one fluorochrome, in the same sample at the same time, can be visualized 

with fluorescence microscopy. It can be done if the absortion wavelength of each 

fluorochrome are not overlapped. Otherwise, they cannot be distinguished between each 

other. 



Confocal microscopy is performed by an advance fluorescence microscope that is 

able to reduce light diffusion from out of focus fluorochromes. Thus, confocal 

microscopes get sharper images from different depths in the sample. Furthermore, they are 

usually aconnected to a computer so that the digital images obtained from different depths 

of the sample can be rendered in 3D images. 

6 .  E L E C T R O N  M I C R O S C O P Y  

When very small tissular structures, under the light microscope resolution power, 

are going to be visualized, such us some organelles, membranes, macromolecular 

complexes or viruses, we need to make use of electron microscopes. They were invented 

around 0054s and adapted to study biological samples shortly after. Very small cellular 

structures could be studied with electron microscopes, which are commonly called cell 

ultrastructure studies. Thus, observing cell ultrastructure means visualizing the cell with 

an electron microscope. The resolution power of electron microscopes may be as small as 

0 nm because they use electron beams, instead of visible light. Electrons have shorter 

wavelength than visible light and therefore permit several million times magnification. 

Electron microscopes do not have glass lenses, they use magnets instead, that work 

as magnetic lenses by concentrating the electron beam emitted by an electron gun. They 

are very large apparatuses because electrons must travel in vacuum. That is why they have 

large cylinders where electron beam is formed and manipulated. 

Tow types of electron microscopes are commoly used in histolgy: transmission 

electron microscopes and scanning electron microscopes. 

Transmission electron microscope 

In this type of electron microscopes, a beam of electrons is produced in tungsten 

filament that work as a cathode. The electron beam is concentrated by electromagnets and 

focused on the tissue. Tissue sections have to be very thin, about tens of nanometers, to 

get sharp images and allow the electrons cross the whole tissue thickness. That is why they 

are called ultrathin sections. Previously, sections need to be treated with heavy metals like 

osmium, lead and uranyl, which have a similar function to dyes in light microscopy, make 

cellular structures visible. These metals are mainly deposit in cell membranes and 

macromolecular complexes. Electrons that go through the tissue are repelled by heavy 

metals and cannot completely cross the section. Only those electrons that go across the 



whole section can impact on a fluorescent screen and emit a visible light spark. The image 

of the section is formed with all the electrons that impact the screen. So, a black and white 

image is composed: white are non-repelled electrons, black are repelled electrons. 

Main components of light microscope (on the left), transmission electron microsope 

(middle), and scanning electron microscopy (on the right).

Transmission electron microscopy images. Increasing magnification from the left to 

right. Black lines of the image on the right correspond to cell membranes. 

Scanning electron microscopy 

Scanning electron microscopy are used to visualize sample surfaces. This is possible 

because electrons do not cross the sample, but interact with the surface of the sample. 

Samples have to be covered with a thin layer of metals over the surface. The electron 

beam scans the surface (that is why the name scanning microscope) and backscattered and 

secondary electron are emitted and impact in a detector screen, from which a digital image 

is formed. The complete image is gotten when the electron beam goes along the whole 

sample. 



Samples to be observed with scanning electron microscopes are not sections, but 

portions of tissues. However, surfaces of sections obtained with a vibratome can be 

observed too. 

Scanning electron microscope images of the central canal of a lamprey spinal cord. 

Cilia can be observed and small microvilli at the apical domain of ependymal cells 

(see other scanning electron microscope images). 
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