
General features of histology & 
its methods 

Lecture 1 
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Histology - The study of tissues and microanatomy of organs 

http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCNyZ0q-G58cCFaGOcgodvOkIkg&url=http://www.apsubiology.org/anatomy/2020/2020_Exam_Reviews/Exam_3/CH23_Stomach_Histology_and_Physiology.htm&bvm=bv.102022582,d.bGQ&psig=AFQjCNFm73ZFNw9fYsnMb84wXjp2IhIv3A&ust=1441787513728761
http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCPmR3aiD58cCFaH8cgodNnsHHw&url=http://apchute.com/tissue.html&psig=AFQjCNFm73ZFNw9fYsnMb84wXjp2IhIv3A&ust=1441787513728761


Cytology - The Study of Cells 

Cells are the smallest living structure.  
Cell - functional unit of the body 



Cells have three major compartments: the cell membranes, the cytoplasm and 
the nucleus. 

The cytoplasm contains organelles (“little organs”) and inclusions in an aqueous 
gel called the cytosol. 

Often synonymous with cytoplasm (protoplasm) 



Nucleus (= center) 

• Visible with LM 
• Membrane bound 
• Many pores 
• DNA 
• 23 Pairs of Chromosomes » Except gametes 
• Nucleolus 



The cell membranes separate a cell from its environment. The outer cell 
membrane is called the plasma membrane or plasmalemma. 
Biochemical components: 
1. Lipids (phospholipids, sphingolipids, cholesterol) 
2. Proteins (integral membrane proteins (transmembrane proteins), 

peripheral membrane proteins) 
3. Carbohydrates 

 

The plasma (cell) membrane, a lipid bilayer that forms the cell boundary as 
well as the boundaries of many organelles within the cell; 



Organelles are described as membranous (membrane limited) or nonmembranous. 

membranous organelles with plasma membranes that separate the internal 
environment of the organelle from the cytoplasm  

 
nonmembranous organelles without plasma membranes. 



The membranous organelles include: 

rough-surfaced endoplasmic reticulum (RER)  

Golgi apparatus 

transport vesicles  

mitochondria 

smooth-surfaced endoplasmic reticulum (SER)  

endosomes, 

peroxisomes 
lysosomes 



Mitochondria, organelles that provide most of the energy to the cell by producing 
adenosine triphosphate (ATP) in the process of oxidative  phosphorylation 
•  Own genome 
• Self-replicating 
 



• Rough-surfaced endoplasmic reticulum (RER), a region of endoplasmic reticulum 
associated with ribosomes and the site of protein synthesis and modification of newly 
synthesized proteins; 
• Smooth-surfaced endoplasmic reticulum (SER), a region of endoplasmic reticulum 
involved in lipid and steroid synthesis but not associated with ribosomes; 



• Golgi apparatus, a membranous organelle composed of multiple flattened cisternae 
responsible for modifying, sorting, and packaging proteins and lipids for intracellular or 
extracellular transport; 

Endosomes, membrane-bounded 
compartments interposed within endocytotic 
pathways that have the major function of 
sorting proteins delivered to them via 
endocytotic vesicles and redirecting them to 
different cellular compartments for their final 
destination; 
 Lysosomes, small organelles containing 
digestive enzymes that are formed from 
endosomes by targeted delivery of unique 
lysosomal membrane proteins and lysosomal 
enzymes; 
 Transport vesicles—including Pinocytotic 
vesicles, Endocytotic vesicles, and Coated 
vesicles—that are involved in both endocytosis 
and exocytosis and vary in 
shape and the material that they transport; 
 Peroxisomes, small organelles involved in the 
production and degradation of H2O2 and 
degradation of fatty acids. 





       The nonmembranous organelles include: 
 
• Microtubules, which together with actin and intermediate filaments form 
elements of the cytoskeleton and continuously elongate (by adding tubulin dimers) 
and shorten (by removing tubulin dimers), a property referred to as dynamic 
instability; 
• Filaments, which are also part of the cytoskeleton and can be classified into two 
groups—actin filaments, which are flexible chains of actin molecules, and 
intermediate filaments, which are ropelike fibers formed from a variety of 
proteins—both groups providing tensile strength to withstand tension and confer 
resistance to shearing forces; 
 
• Centrioles, or short, paired cylindrical structures found in the center of the 
microtubule-organizing center (MTOC) or centrosome and whose derivatives give 
rise to basal bodies of cilia;  
 
• Ribosomes, structures essential for protein synthesis and composed of ribosomal 
RNA (rRNA) and ribosomal proteins (including proteins attached to membranes of 
the RER and proteins free in the cytoplasm). 



Ribosomes 

60% RNA + 40% protein 
Protein Factories 
Fixed vs. free ribosomes 



Cytoskeleton 

3 major components: 
 
1. Microfilaments (mostly actin) 
2. Intermediate filaments 
3. Microtubules (composed of tubulin subunits) 
 
Function: support & movement of cellular 
structures & materials 





The methods used by histologists: 
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1. The first step in preparation of a tissue or organ 
sample is fixation to preserve structure. 

2. In the second step, the specimen is prepared for 
embedding to permit sectioning. 

3. In the third step, the specimen is stained to permit 
examination. 

 

 

TISSUE PREPARATION 
Tissues are aggregates or groups of cells organized to perform one or more specific 

functions. 



The first step  

The second step 

The third step 



Fixation, usually by a chemical or mixture of chemicals, permanently preserves the 
tissue structure for subsequent treatments. Specimens should be immersed in 
fixative immediately after they are removed from the body.  
 
Fixation is used to: 
•  terminate cell metabolism, 
•  prevent enzymatic degradation of cells and tissues by autolysis (self-
 digestion), 
•  kill pathogenic microorganisms such as bacteria, fungi, and viruses, and 
•  harden the tissue as a result of either cross-linking or denaturing protein 
 molecules. 

The first step  





The second step 



SECTIONING 
  
To produce thin sections, embedded tissues are 
sectioned on a microtome 
  
a) 7 micron sections for LM - placed on glass slides 
  
 b) 70 millimicrons - placed on metal grids for TEM 





The third step 



                                     STAINING 
  
  
Basic reaction of stains = attraction of opposites: 
  
a) Structures that stain with a basic stain = BASOPHILIC (stain acid component -  Nuclei 
or RER in secretory cells) 
  
b) Structures that stain with an acidic stain = ACIDOPHILIC (stain basic component -  
“Normal” cytoplasm) 
  
 
Special techniques of Histochemistry (localization of enzyme activity) or 
Immunostaining (antigen detection with antibodies) 
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A limited number of substances within cells and the extracellular matrix display 
basophilia. 
 
• heterochromatin and nucleoli of the nucleus (chiefly because of ionized phosphate 

groups in nucleic acids of both), 
• cytoplasmic components such as RER (also because of ionized phosphate groups in 

ribosomal RNA), 
• extracellular materials such as the complex carbohydrates of the matrix of cartilage 

(because of ionized sulfate groups). 
 

Staining with acidic dyes is less specific, but more substances within cells and the 
extracellular matrix exhibit acidophilia. 
 
 • most cytoplasmic filaments, especially those of muscle cells, 
 • most intracellular membranous components and much of the otherwise 
unspecialized cytoplasm,  
 • most extracellular fibers (primarily because of ionized amino groups). 





1) Hematoxylin & Eosin (H & E) - most common stain - good for general 
structure 
  
            a) nuclei = blue  (basophilic) → Hematoxylin 
  
            b) cytoplasm = pink (acidophilic) → Eosin 
  
2) Connective tissue stains - both employ a nuclear, cytoplasmic, and a third 
stain specific for matrix  
  
            a) Masson's trichrome 
  
            b) Mallory's triple C.T. stain 
  





3) Silver Impregnation 
  
a) specificity provided by what silver is complexed to and pH of staining 
solution 
  
 b) used to trace nerves, stain golgi, reticular fibers 
  
4) PAS (Periodic Acid Schiff's)  
  
a) Schiff reagent a stain called Basic Fuchsin = specific stain for 
carbohydrates = PAS stain 
  
5) Wright Stain for blood smears 
  
a) uses azure blue stains to stain WBC granules basophilic or neutrophilic  
  
b) used with eosin for RBS and eosinophilic  
  









DIRECT IMMUNOSTAINING 

INDIRECT IMMUNOSTAINING 



Immunostaining (antigen detection with antibodies) 

immunohistochemistry Immunofluorescent  stain 



 
 For TEM - staining done with heavy metals = provide electron density to section - most 
commonly: 
  
1) Uranyl Acetate 
                                                                                        
2) Lead citrate 
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Thank your for attention 
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