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INTRODUCTION 

As per the literature, organisms exist in the universe as 

single cells or made up of billions or trillions of cells 

whereasin case of complex organisms, cells group 

together with similar type of cells to form tissues and 

ultimately to produce organs and perform various 

biological processes carried out with in the cells that are 

necessary to maintain the life in the cell.
[1,2] 

Like all 

living things, humans are also composed of cells but 

these cells should be observed under the ordinary 

microscope in the form of smear on glass slide but the 

organelles that exists within the cells that are so small
[3]

 

and cannot be able to resolve (even at high power 40X) 

with our light microscope.
[4]

 

 

The term microscope was first coined by members of 

first scientific community (Academia dei Lincei; 

includes Galileo). In 1590, Scientists (Hans and 

Zacharias Janssen, Middleburg, Holland) produced first 

compound microscopes and Marcello Malpighi circa 

(1660), first microscopists, considered the father of 

embryology and histology whereas Robert Hooke (1635-

1703) published a book Micrographia in the year 1665 

and mentioned about his studies related to microscopy 

using thin slices of cork.
[5,6,7,8]

 In contrast, earliest 

microscopes come across and reported bacteria, free 

living and parasitic microscopic protists, sperm cells, 

blood cells, microscopic nematodes etc. 

In 1730, Chester More Hall observed that flint glass 

(newly made glass) dispersed colours much more than 

crown glass (older glass) using concave lens next to a 

convex lens which could realign all the colours and was 

considered as first achromatic lens.
[9]

 At that time, 

George Bass was the lens-maker that actually made the 

lenses, but he did not disclose the secret for 20 years 

later on John Dolland who copied the idea in 1759 and 

patented the achromatic lens.
[10]

 Giovanni Battista Amici 

(1827) produced high quality microscopes and 

introduced as well as established the first matched 

achromatic microscope.
[9,10]

 In 1813, Giovanni Battista 

Amici outlined or designed reflecting microscopes using 

curved mirrors rather than lensesand recognized the 

importance of coverslip thickness and developed as well 

as learned the concept of water immersion.
[11]

 In 

addition, Abbe and Zeiss developed oil immersion 

systems by making oils that matched the refractive index 

of glass and able to fabricate a numeric aperture to the 

maximum i.e. 1.4 allowing light microscopes to rectified 

two points distanced only 0.2 microns apart (theoretical 

maximum resolution of visible light microscopes).
[12]

 

During early 20th Century, Professor Köhler developed 

the method of illumination called as Kohler 

Illumination
[13]

 and recognized that using shorter 

wavelength light (UV) could improve resolution.
[13]

 In 

terms of resolution and magnifications, these 
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ABSTRACT 

In today’s scientific world community, microscope is commonly used instrument in the area of biology and 

medicine.Recent advances related to microscopy have led to such remarkable improvements in fluorescence based 

microscopies for contrast and sensitivity that researchers can now engagedinidentifying and detect various signals 

at the single molecule level.Although much more expensive, electron microscopes have their place in high-

throughput studies that are neededfor extreme magnification. New histology advancements or techniques, 

commonly used stainsand dyes in the form of flurochromes areutilized to enhance its clearness of biological 

specimens that are continually evolving to upgrade the value of the light microscope and maintained the gap 

between the light microscope and upgraded microscopes in terms of magnification for observing living biological 

specimens. The development of electron microscope in terms of magnification has been projected by humans 

pertaining to explore and understand the world around us. In this review, discuss about the applications of 

microscopy in different aspects of biology and medicine. 
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microscopes showed various applications in the area of 

biology and medicine. 

 

 Cancer stem cells  

Awareness of stem cell biology and its molecular basis is 

now appropriate paramount importance in cancer 

research. In this study, cancer stem cells has the potential 

to control their fate by maintaining themselves in 

undifferentiated state or by self-renewing to 

geometrically expand their number.  Firstly, asymmetric 

division which gives origin to two different daughter 

cells i.e. first progeny is devoted to expansion by 

multiple cellular division and differentiation to produce 

the entire heterogeneous cell population and then formed 

tumor. Secondly, cancer stem cells does not enter the cell 

cycle (G, S and M phase) and rests as a reservoir i.e. able 

to self-renew. A typical stimulus involving the stem cell 

compartment expansion i.e. response to injury, e.g. 

repopulation of damaged or disrupt bone marrow in case 

of hematopoietic stem cells. In this case, stem cells 

giving rise to two new cells with identical stem cell fate 

and proliferation potential (split in a perfectly symmetric 

manner). In this regard, we need to look possibly living 

cellsuses fluorescence microscopy and confocal 

microscopy that are valuable instrument in the study of 

stem cells.
[14,15,16] 

 

 

Stem cell technologies are included as acentre of 

attention in regenerative medicine and it 

involves culturing along with differentiation of stem cells 

and generate tissue-specific cells. Those tissues that can 

be introduced into the body to help repair organs or to 

express vital proteins. Similarly, pluripotent stem cell 

should remain undifferentiated during sub culture but it 

has the capability to differentiate any type of tissue 

induced by specific cell culture conditions. 

Identification, association and characterization of these 

stem cells in culture and in tissue can be carried out with 

microscopes i.e. stereomicroscopes (high zoom); 

microscopes (confocal, multiphoton and super-

resolution) that enable imaging with molecular 

resolution.
[15,16]

 The most familiar example i.e. human 

embryonic stem cells (hESC e.g. cell lines like LRB008, 

LRB010, etc.) were used to derived cell lines cultured in 

a humidified atmosphere consisting of 5% CO2 and 37ºC 

temperature. Now, these cell lines should be harvested 

for transmission and scanning electron microscopy 

(SEM).
[17] 

  

 

Normally, living hESCs often appear equivalent 

undifferentiated in their colony formation, as noticed as 

well as observed in phase contrast microscopy but 

researchers noted various differentiation events occur 

after every passage (5-7 days to maintain hESCs both at 

ultra-structural and light microscopic level). In addition, 

group of cells that directly connected with culture 

medium formed a complex i.e. linkage of adjacent cells 

through junctional complexes contained tight adherens 

junctions as shown by electron microscopy and 

immunohistochemistry. In addition, it also provides 

some information about central compartment containing 

cells comprises of undifferentiated embryonic stem cells 

morphology and indicates its long term retention of an 

environment permissive of undifferentiated cell growth, 

regardless of surrounding peripheral differentiation. 

Finally, these microscopic based observations are helpful 

in morphological undifferentiated hESCs that are grown 

for prolonged period of time (two weeks or more) and is 

normally observed in the central and basal compartments 

which are in direct communication with bottom of the 

culture dish without tight junctions underneath layers of 

more differentiated cells on top of the colony.
[15,16,17]

 

 

 Immunology and virology 

Applications in different aspects of Immunology as well 

as virology based studies (cell lines and animal models) 

that are totally reliedon fluorescence based tools i.e.cell 

based assays using fluorochromes e.g. flow cytometry, 

luminex, fluorescence microscopy etc.
[18]

 The advantage 

of these fluorescence tools is their inherently greater 

sensitivity and range in comparison to methods based 

upon changes in optical density or chemiluminescent 

emission and the latter or final process emits one photon 

per molecule in comparison to hundreds to thousands of 

photons emitted by one fluorochrome.
[18,19]  

 

For the last ten years, flow cytometry has contributed 

greatly in the field of immunology and virology 

applications including some diverse areas i.e. 

characterization of cell populations and the selection of 

hybridomas using different fluorochromes. But this 

instrument showed detection and quantification of cell 

surface antigens but it does not showed any qualitative 

characteristics (distribution and locations of constituent 

molecules/fluorochrome and cannot be extended to in 

vivo experiments). Due to these features, fluorescence 

microscopy showed some importance in the area of 

immunological and virological applications related to 

structural analysis of immune cells and tissues.
[18,19,20]

 

 

In virology, virus particles are detected and identified 

using electron microscopy on the basis of morphology 

including magnification (around 50,000 is normally 

used). This electron microscope is recurrently used for 

diagnosis and detecting some viruses in clinical samples 

e.g. rotavirus, adenovirus, astrovirus, calicivirus, 

Norwalk-like viruses etc.
[19,20,21]

 In addition, light 

microscopy also be used for histological studies related 

to virus replicating in infected cells either in nucleus or 

cytoplasm. In short, histological studies serves as 

competent adjunct related toidentification and 

recognition of viral pathogens.
[20,21]

 

 

 Entomology  

The majority of entomological studies are done 

throughmicroscopy using low power (typically stereo 

zoom or digital) microscopes.  Most of the entomologists 

also desire to arrest high resolution images of their 

specimens.
[22]

 The most commonly used types of 

microscopes for entomological studies as shown below- 
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 Stereo zoom microscopes- Used for dissection, 

identification and photography. 

 Dual magnification stereo microscopes- optics for 

dissection andidentification. 

 Biological upright microscopes – used for studies of 

slide-mounted micro-insects and parts. 

 Digital microscopes- used for viewing and recording 

insects. 

 Portable field microscopes - Study insects in their 

natural environment 

 

 Limnology/Microbiology 

The main goal of limnological studies is to identifythe 

biological specimens (e.g. planktons, benthic micro-

organisms etc.) and these were examined through 

microscopy techniques. The first objectiverelated to 

limnological studies is to studied various physic-

chemical properties of water bodies (lakes, ponds and 

rivers) and second one is to recognized various 

organisms in water bodies e.g. benthic micro-organisms, 

planktons etc.The microscopic evaluation 

techniqueinvolves identification, size and percentage 

population estimates of microorganisms (autotrophic 

organisms e.g. algae; fresh water plankton e.g. Animalia, 

monera etc.; arthropods- segmented exoskeletons) and 

organic or inorganic debris found in water.
[23]

  

 

Microorganisms incorporates the members of plant 

kingdom, protozoa, bacteria, and fungi. These organisms 

are totally different in terms of shape and size. Most of 

these organism are observed underthe microscope e.g. 

bacteria (gram positive or negative) are available in 

virtually every type of environment and are reported in 

plenty in all aquatic system but these were identified on 

the basis of giemsa staining and observed under the 

microscope. In addition, aquatic fungi are microscopic 

called as hypomycetes (most abundant and important); 

protozoa (microscopic, single celled and growing in 

colonies) etc.
[24]

 

 

CONCLUSION 

Microscopy is the biggest tool for researchers pertaining 

to reveal the mystery and beauty of unseen world. In 

other words, microscopes are of great importance in the 

study of micro-organisms and biomolecules. The most 

valuable applications in the field of biology and 

medicine is to analysed live blood cells, stem cells and 

other biological specimens using different fluorochromes 

etc. In contrast, electrons, x-rays and infrared rays are 

used by far more sophisticated and expensive 

microscopes to detect even smaller and smaller 

structures.  

 

REFERENCES 

1. Queller DC and Strassmann JE. Beyond society: the 

evolution of organismality. Philosophical 

Transactions of the Royal Society B: Biological 

Sciences, 2009; 364(1533): 3143–3155. 

2. Pepper JW and Herron MD. Does biology need an 

organism concept? Biological Reviews, 2008; 83(4): 

621–627. 

3. Bain B. Current concepts: Diagnosis from the blood 

smear. N Engl J Med., 2005; 353(5): 498. 

4. Abramowitz M and Davidson MW. Introduction to 

Microscopy. Molecular Expressions. Retrieved, 

2007-08-22. 

5. Freedberg D. The Eye of the Lynx: Galileo, his 

Friends, and the beginnings of modern natural 

history, Chicago. Chicago University Press, 2002. 

6. Stewart GB. The Kid Haven Science Library: 

Microscopes. Farmington Hills MI: Kid Heaven 

Press, 2003.  

7. Whiteside DT. The pre-history of the 'Principia' 

from 1664 to 1686. Notes and Records of the Royal 

Society of London, 1991; 45: 11–61. 

8. Rosen and William. The Most Powerful Idea in the 

World: A Story of Steam, Industry and Invention. 

University of Chicago Press 2012; 74: 331. 

9. Daumas and Maurice, Scientific Instruments of the 

Seventeenth and Eighteenth Centuries and Their 

Makers, Portman Books London 1989. 

10. Fred H. Astronomy; A history of man's investigation 

of the universe. Rathbone Books, 1962; 62-14108. 

11. Norris KP, Seeds WE, and Wilkins MHF, Reflecting 

Microscopes with Spherical Mirrors, J. Opt Soc Am, 

1951; 41: 111-119. 

12. Van Putten EG, Akbulut D, Bertolotti J, Vos WL, 

Lagendijk A and Mosk AP. Scattering Lens 

Resolves Sub-100 nm Structures with Visible 

Light. Physical Review Letters, 2011; 106: 19. 

13. Chaves and Julio. Introduction to Nonimaging 

Optics, Second Edition. CRC Press, 2015. 

14.  Lathia JD, Gallagher J, Myers JT, Li M, Vasanji A, 

McLendon RE, Hjelmeland AB, Huang AY and 

Rich JN. Direct in vivo evidence for tumor 

propagation by glioblastoma cancer stem cells.  

PLoS One, 2011; 6: 24807.  

15. Ustione A, Piston DW. A simple introduction to 

multiphoton microscopy. J Microsc, 2011; 243: 

221–226. 

16. Heryanto YD, Achmad A, Takahashi AT and 

Tsushima Y. In vivo molecular imaging of cancer 

stem cells. Am J Nucl Med Mol Imaging, 2015; 

5(1): 14–26. 

17. Sathananthan AH and Nottola SA. Digital imaging 

of stem cells by electron microscopy. Methods Mol 

Biol., 2007; 407: 21-41. 

18. Muratori M, Forti G and Baldi E. Comparing Flow 

Cytometry and Fluorescence Microscopy for 

Analyzing Human Sperm DNA Fragmentation by 

TUNEL Labeling. Cytometry, 2008; 73A: 785-787. 

19. Hyatt AD, Zaki SR, Goldsmith CS, Wise TG and 

Hengstberger SG.  Ultrastructure of Hendra virus 

and Nipah virus within cultured cells and host 

animals. Microbes Infect, 2001; 3: 297-306.  

20. Bayer-Garner IB.  Monkeypox virus: histologic, 

immunohistochemical and electron-microscopic 

findings. J Cutan Pathol, 2005; 32: 28-34.  

http://www.gtvision.co.uk/epages/es141397.sf/en_GB/?ObjectPath=/Shops/es141397/Categories/Biological_Microscopes/%22Upright_/_Compound%20Microscopes%22
http://www.gtvision.co.uk/epages/es141397.sf/en_GB/?ObjectPath=/Shops/es141397/Categories/Biological_Microscopes/%22Upright_/_Compound%20Microscopes%22
https://books.google.com/books?id=e11ECgAAQBAJ
https://books.google.com/books?id=e11ECgAAQBAJ
http://wiki.eanswers.com/en/CRC_Press
http://wiki.eanswers.com/en/CRC_Press
http://www.ncbi.nlm.nih.gov/pubmed/18453246
http://www.ncbi.nlm.nih.gov/pubmed/18453246


Gupta et al.                                                                     European Journal of Pharmaceutical and Medical Research 

 

www.ejpmr.com 

 

283 

21. Adrian M, Dubochet J, Lepault J and McDowall 

AW. Cryo-electron microscopy of viruses. Nature, 

1984; 308: 32-36. 

22. Barsagade DD, Khurad AM and Chamat MV. 

Microscopic Structure of Mouth Parts Sensillae in 

the Fifth Instar Larvae of Eri Silkworm, Philosamia 

ricini (Lepidoptera: Saturniidae). Journal of 

Entomology and Zoology Studies, 2013; 1(3): 15-

21. 

23. Armbrecht LH, Thompson PA,  Wright SW,  

Schaeffer A, Roughan M, Henderiks J and Armand 

LK, Comparison of the cross-shelf phytoplankton 

distribution of two oceanographically distinct 

regions off Australia.  Journal of Marine Systems, 

2015; 148: 26. 

24. Barer R. Microscopes, Microscopy, and 

Microbiology. Annual Review of Microbiology, 

1974; 28: 371-390.  


