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A B S T R A C T   

Electron microscopy is a powerful tool to study biological samples at higher magnification. The higher magni-
fications achieved by the electron microscopes are helpful to the researchers to study surface morphology as well 
as cellular morphology of the samples. The blood sample surface morphology can be visualized at higher 
magnification by scanning electron microscope (SEM). For the examination of the blood cells at the cellular level, 
transmission electron microscopes (TEM) are used. In this article, we have described the step-by-step standard 
protocol for the preparation of blood samples for electron microscopy. The prepared blood samples can be 
visualized under SEM and TEM. The obtained electron micrographs of blood cells can be used for differential 
diagnosis of various diseases at the cellular level.   

Electron microscopy of the blood is employed to study the blood cells 
at higher magnification using the scanning and transmission electron 
microscopes. This article aims to describe the standard sample prepa-
ration protocol for the electron microscopy of the blood cells. Red blood 
cells (erythrocytes) carry oxygen from the lungs to the rest of the body. 
White blood cells (leukocytes) help fight infections and aid in the im-
mune process. The white blood cells are categorized as the lymphocytes, 
monocytes, eosinophils, basophils and neutrophils. Apart from these, 
the blood cells named platelets (thrombocytes) help in the blood clotting 
mechanism. 

The studies on the blood cells are important from the morphological, 
physiological, clinicopathological and therapeutic point of view. Ex-
amination of blood is important for assessing the general health and 
diagnosis of various diseases. The blood examination is performed 
routinely to assess the health status, diagnose haematological diseases, 
determine the body’s ability to respond to a hematological insult and to 
monitor the course of certain diseases [1]. Various blood cells visualized 
by the electron microscopy have been demonstrated in Fig. 1. The ul-
trastructural anatomy of the blood cells is helpful in the diagnosis of 

several diseases by the examination of blood cells’ morphology at higher 
magnification using electron microscopes. 

The first step in the sample preparation protocol is the collection of 
five milliliters (5 ml) of blood in the test tube containing ethyl-
enediaminetetraacetic acid (EDTA) or heparin to prevent blood coagu-
lation. For scanning electron microscopy, the blood is transferred into 
the Eppendorf tubes and centrifuged at 3000 rpm for 15–20 min. The 
centrifugation separates the blood into three layers i.e. plasma (55% of 
total blood), buffy coat (less than 1% of total blood), and red blood cells 
or erythrocytes (45% of total blood). After discarding the plasma layer 
from the top of the Eppendorf tube, the thin layer of buffy coat is 
transferred into a separate Eppendorf tube with the help of a micropi-
pette. This separated buffy coat sample is washed three times in 0.1 M 
phosphate buffer saline (pH 7.2). The washed sample is suspended in 
modified Karnovasky’s fixative for 2 to 3 h at 4 ◦C for primary fixation. 
Subsequently, the suspended buffy coat sample in fixative is washed 
again in 0.1 M phosphate buffer saline (pH 7.2) to remove the excess 
amount of primary fixative i.e., modified Karnovasky’s fixative. These 
fixed buffy coats with few attached red blood cells (Fig. 2A) are 
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suspended in 0.1 M phosphate buffer saline (pH 7.2) and transferred to 
the electron microscopy laboratory for further processing of the blood 
(buffy coat) for electron microscopy. Researchers can also send the 
collected blood directly fixed in the modified Karnovasky’s fixative at 
4 ◦C to the electron microscopy laboratory for further processing, 
however this speedy method will not give good results in the electron 

microscopy. The electron microscopy laboratory’s personnel prepare the 
buffy coat’s smear on the slide and visualize it under the scanning 
electron microscope for higher magnification (approximately up to 1 to 

Fig. 1. Diagrammatic representation of various blood cells in the humans and animals.  

Fig. 2. Processed fixed blood sample for scanning electron microscopy (A) and 
processed blood sample in the pellet form (b) for transmission electron mi-
croscopy (B). 

Fig. 3. Various blood cells under scanning electron microscope [2].  
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2 million times) of the different blood cells, as shown in Fig. 3 [2,3]. 
For transmission electron microscopy, the process of blood collection 

and centrifugation is the same as the one described for performing 
scanning electron microscopy. After centrifugation, the excess amount 
of plasma is removed and the buffy coat is separated in another 
Eppendorf tube and an equal amount of modified Karnovasky’s fixative 
is poured for primary fixation. The fixed buffy coat is kept at 4 ◦C in the 
refrigerator for 12–24 h. After the stipulated period, the buffy coat gets 
transformed into a semisolid state. The semisolid buffy coat is shifted in 
the Petri dish for cutting it into small sections (2 mm × 2 mm), as rec-
ommended for the transmission electron microscopy [4]. The sections 
should be washed with the 0.1 M phosphate buffer saline (pH 7.2) so-
lution and then transferred to another clean Eppendorf tube containing 
0.1 M phosphate buffer saline (pH 7.2). These processed buffy coat 
sectioned samples (Fig. 2B) are sent to the electron microscopy labora-
tory in iceboxes within 24 h. At electron microscopy laboratory, these 
samples are processed by secondary fixation (2% osmium tetroxide), 
washing (0.1 M phosphate buffer saline), dehydration (graded alcohol), 
embedding (resins) and sectioning (ultramicrotome). 

Finally, the thin sections are stained with uranyl acetate and exam-
ined under a transmission electron microscope [5], which can magnify 
samples by approximately 50 million times [6]. The images can be taken 
with an electron microscope digital camera system attached to the 
electron microscope machine. The images of blood cells captured with 
transmission electron microscope machine TECNAI 200 Kv (FEI Electron 
Optics) at All India Institute of Medical Sciences, New Delhi have been 
shown in Fig. 4. 
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Fig. 4. Various blood cells of the local pig of Mizoram under transmission electron microscope.  
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