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USE OF TRANSMISSION ELECTRON MICROSCOPY 

Martha E. Fedorko 

I. INTRODUCTION 

Standard methods for studying the ultrastructure of tissues 
are inadequate to study leukocytes in suspension, monolayers, 
and small clumps of cells. Leukocytes fixed with glutaralde-
hyde followed by osmium tetroxide have poorly preserved cyto-
plasmic granules and defined membranes. In the method of pro-
cessing leukocytes described here, the basic approach involved: 
a new method of fixation for better cell preservation; post-
fixation with uranyl acetate for enhanced definition of cell 
membranes, a modification of Kellenberger·s method (1); a rapid 
method adequate for processing cells in suspension; a new tech-
nique for embedding cell pellets. The method has proven to be 
satisfactory for human leukocytes (2), mouse monocytes (3) 
mouse macrophages (4), mouse and guinea pig bone marrow cells 
(5,7), monolayers of L cells (6), and isolated intestinal cells 
(8). 

METHODS FOR STUDYING Copyright © 1981 by Academic Press, Inc. 
MONONUCLEAR PHAGOCYTES 3 9 7 All rights of reproduction in any form reserved. 

ISBN 0-12-044220-5 



398 METHODS FOR STUDYING MONONUCLEAR PHAGOCYTES 

I I . REAGENTS 

Physiologic saline (i.e., 0.15 M NaCl) 
Glutaraldehyde, 2.5 vol % (Fischer Scientific Co., Fair-

lawn, New Jersey) in cacodylate buffer 0.1 M, pH 7.4 
One per cent osmium tetroxide in 0.1 M cacodylate buffer, 

pH 7.4 
Mixed fixative: A mixture of one part reagent 2.2 at 4°C 

and two parts reagent 2.3 at 4°C, combined at 4°C within i hr 
before use 

Uranyl acetate (0.25m%) in 0.1 M acetate buffer, pH 6.3 
Noble agar, 20 gm % in water, boiled or autoclaved and 

used at 50°C 

III. PROCEDURE 

A. Standard Fixation 

(1) Cell suspensions (5 x 10 cells or 5 packed cells) 
are centrifugea out of dextran-plasma or suspending medium at 
250 g for 10 min. About 2 ml glutaraldehyde (reagent 2.2), at 
room temperature or at 37°C if filament preservation is desired, 
is added to the cell pellet for 15 min. Cells are resuspended 
by gentle pipetting with a Pasteur pipette. The cell suspen-
sion is transferred to a 3-ml conical centrifuge tube and cen-
trifugea at 300 g for 2 min in a table top Clinical centrifuge 
(International Equipment Co., Needham Heights, Massachusetts). 
Cold, freshly prepared mixed fixative (reagent 2.4) is added to 
the pellet for 10 min. Fixation, washing and poststaining are 
all performed on cells in suspension. The specimen is pelleted 
and a fresh aliquot of cold, mixed fixative is added for an 
additional 5 min. The cells are then washed twice in physio-
logic saline. The cell pellet is next suspended in cold (4°C) 
uranyl acetate (reagent 2.5) for 15-30 min, and followed by two 
washes in physiologic saline. After the second wash, the cell 
pellet is warmed to 50°C in a water bath for 5 min and then 
suspended with a warm Pasteur pipette in i ml of warmed 2% 
Noble agar. The agar is prewarmed (50°C) by boiling or auto-
claving and allowed to cool to 50°C. The agar-cell suspension 
is then centrifuged at about 50°C at 750 g for 2 min in carriers 
partially filled with hot tap water. In an adequate centrifuga-
tion, the cells are pelleted in the agar; unsuccessful centri-
fugation produces a fuzzy zone of cells in agar. In the latter 
event, the tube containing the cells is heated in a steam bath. 
The tube is then cooled in ice to solidify the agar. 70% alco-
hol is added to the tube for an hour or more and the pellet is 
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removed by an 18-gauge needle at the tip of a 1-ml disposable 
syringe. The blackened cell pellet is then trimmed into small 
blocks for standard dehydration and embedding procedures (2). 

(2) Cells in tissue culture on plastic or glass surfaces 
are washed once with physiologic saline at 37°C or room tem-
perature and then exposed to warm or room temperature glutaral-
dehyde (reagent 2.2) for 15 min. The cell monolayer is then 
cooled on ice and two changes of freshly combined mixed fixa-
tive are added for another 15 min. The cells are next washed 
in cold physiologic saline and scraped off the dish with a 
rubber policeman. The cell suspension is then pelleted in a 
3-ml conical centrifuge tube and processed as above through 
uranyl acetate postfixation and pelleting in agar. 

B. Fixation for Special Studies 

(1) Enzyme histochemistry can be performed on cell sus-
pensions or cells in culture after initial glutaraldehyde fixa-
tion and then processed through mixed fixative with or without 
uranyl acetate. The peroxidase and acid phosphatase reactions 
have been performed with this method (unpublished observations). 

(2) For better preservation of lipid and to minimize arti-
facts, cells are fixed in a solution containing 0.83% glutaral-
dehyde and 0.6% osmium tetroxide in 0.1 M cacodylate buffer, 
pH 7.4 for 1 hr in the cold. After a physiologic saline wash, 
postfixation with uranyl acetate (reagent 2.5) is performed 
and cells are processed as in Section III. A (9). 

(3) For preservation of intact cells from monolayer cul-
tures growing on plastic surfaces, the cells are fixed and 
poststained in situ through to alcohol, exposed to propylene 
oxide, and rapidly decanted when they are freed from the dish. 
The monolayer is then pelleted and embedded in Epon (5). 

(4) Cells processed as in Section III. A can be sectioned, 
placed on grids but not stained with lead citrate or uranyl 
acetate. This method has been especially helpful in studying 
ferritin distribution in cells (10). 

IV. INTERPRETATION OF ADEQUATE SPECIMENS AND FIXATION 

The procedure described here permits obtaining an adequate 
sample of good cell density on a grid. Differential counts 
can be easily obtained on the specimen. When the cells are 
adequately fixed, leukocytes do not appear to have any extrac-
tion of contents and have good preservation of nuclear morpho-
logy, cytoplasmic matrix, cytoplasmic granules, and vesicles. 
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Use of cacodylate buffer seems to produce good preservation of 
mitochondria. When the initial fixation is in warm glutatalde-
hyde, microfilaments and microtubules are well preserved. 

V. CRITICAL COMMENTS 

The above method has proved to be reproducible in several 
thousand experiments involving the fixation of leukocytes. 
The method is simple, rapid, and useful for leukocytes in sus-
pension as well as for diverse cell monolayers in culture. 
When fixation of cells in suspension is employed, there is 
little problem with penetration of fixative, and therefore 
times of fixation can be relatively brief. Use of the Clinical 
centrifuge permits rapid pelleting and washing of specimens. 
Use of the mixed fixative produces more reproducible results 
than ordinary methods, with excellent preservation of small 
vesicles and cytoplasmic granules. Postfixation with uranyl 
acetate permits better definition of membranes. 

Possible pitfalls in the method include use of oxidized 
fixative, if the mixing of glutaraldehyde and osmium is not 
performed in the cold or if the mixture is allowed to stand 
longer than 30 min. In this case the mixture will be dark 
or violet. Adequate centrifugation and pelleting of the cells 
in agar may rarely be unsuccessful. In that case, the cell-
agar mixture can be reheated and pelleted again. 
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