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PURPOSE 

Since the time of the discovery of the light microscope, 

scientists have continually attempted to better their methods 

of viewing minute structure. One of the most remarkable advances 

is the electron microscope. With the entrance of the electron 

microscope into the field of biological science came many new pro

blems. Histologists found themselves in a position in which they 

were forced to conceive an entirely new perspective in the rela

tionships of one ultramicroscopic structure to another, and to 

correlate this with their present knowledge of histology. Like

wise, with all of this came an entirely new philosophy, new atti

tude, and a new horizon to explore. In this paper I shall attempt 

to portray in a methodical manner the most recent, properly evaluated. 

methods and techniques involved in learning the art and science of 

electron microscopy. It is intended to be of service to those in

terested in learning electron microscopy for use as a scientific 

method of investigation. 
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I. 

INTRODUCTION 

Electron microscopy should be used as a tool of scientific 

research in correlation with the acquired and innate knowledge of 

the individual investigator to obtain insight into the structure 

of living matter. The author believes that it can be most properly 

applied for measurement of the end result of investigations, not 

only in this field of Anatomy and Pathology, but also in other fields 

such as Endocrinology, Biochemistry, Bacteriology, Physiology, Pharma

cology and Clinical Medicine. The contributions made in the field 

of research today are made primarily by probing the unknown and by 

using a methodical basic science research approach. I believe this 

is adequately illustrated in the field of Cancer research where, in 

the beginning, most research work was done on the higher clinical 

levels. Now we have been forced to return to the basic science level 

to follow through, in a methodical step by step approach, from the 

basic problem, i . e., the alteration of morphology either as regards 

its histological or pathological growth, its metabolic phenomena or 

its physiological development. It is like the construction of a good 

house. One cannot start on the second floor, but rather nmst begin 

at the basement level. Therefore, in adopting a proper attitude 

toward electron microscopy one must realize what the end result will 

be on the top floor of the building he is constructing, rather than 

the day to day accomplishments he attains. 
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As is true in many fields of research, many administrators and 

clinicians are apt to have some inkling of the "wonders" of elec

tron microscopy, but little knowledge of its problems. They think 

of electron microscopy as a simple extension of light microscopy, 

and assume that problems that can be straightforwardly dealt with 

in the latter instance should be all the better answered by the 

new technique. One has to convince these people that problems in 

electron microscopy inevitably proceed at a much slower pace so 

that the ttsimple" problem which might take only weeks with a light 

microscope may take years with the electron microscope. It must be 

emphasized that the sluggishness of the project has nothing to do 

with one's energies or abilities, but is intrinsic to the method. 

All people in an institution where an electron microscope has re

cently been installed must be educated to its intrinsic faults and 

incapabilities. In such a manner the author hopes to inform those 

reading this manual so that they might in the future help to edu

cate others around them. 

The following dimensional figures may help explain the problem. 

If a standard "200" mesh supporting grid is used, there is about 

one square millimeter of open area which can be viewed by the elec

tron microscope. Assuming that this square millimeter is covered 

by perfect sections, which would be quite unusual, it would take 

several hundreds of these grids to be equivalent to the ordinary 

tissue section which the pathologist may deal with in five minutes 

or less. When one has excellent material, it is not unreasonable 
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for him to spend four to eight hours or more on a single grid. 

During this period one square millimeter, or less, of tissue sur

face is viewed and one cannot possibly photograph more than a 

tenth of this, even at low magnification. Judging from this, it 

would take a solid year of work to record what the light micro

scopist can dismiss in a brief period. 

To illustrate this in another way, it we take a picture at 

1500X on a two inch plate, approximately 0.001 nnn2 of tissue surface 

area is recorded. Seldom does one take more than fifty pictures in 

a single day. Even at this low average magnification, it would take 

almost a month at the microscope to photograph one square millimeter, 

and seven and one-half years of continuous photography to photograph 

one square centimeter. 

Considering the third dimension, the problem, of course, becomes 

much worse. Useful sections can be no greater than 0.5 micron thick. 
f' 

At this thickness, twenty serial sections traverse a single micron, 

possibly spanning the thickness of one mitochondrion. Approximately 

one hundred serial sections would be required to span a nucleus, 

and about two hundred. serial sections to cross the thickness of a 

single small cell. In conventional light microscopy an embryologist 

seldom needs as many sections to go through an entire pig embryo! 

11 An electron microscopist who is concerned with tissue work 

simply cannot accept most problems that are primarily statistical. 

He cannot possibly process enough samples. He can only effectively 

deal with problems which yield simple qualitative answers. He must 
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design experiments so that a relatively few samples will be signi

ficant. It is not only the administrator and clinician who some

times must be educated in this, but also the ambitious beginner 

in electron microscopy who must learn to limit his objectives and 

define them carefully. 

"Electron microscopy received widespread publicity in its 

early stages and. undoubtedly many people were naively led to expect 

too much. It has its limitations! In essence one must pay for 

magnification by accepting a restriction of field and all that this 

implies. One cannot do conventional histology with an electron 

microscope any more than one can do gross anatomy with a light micro

scope. The world of the electron microscope is a world that could 

only be studied inferentially before. It is a vastly important 

world and we should hardly have to defend its exploration with the 

most effective tool to date. The flea scurries about and his whole 

world is less than one square yard of a dog . The electron micro

scopist can be very busy too, and in his whole lifetime not cover 

as much territory. 11 (Pease, 1960) 

It is inherent, then that the student in electron microscopy 

recognize the scope of the task ahead of him. The difficulties of 

a novice getting started in this field result in large measure from 

his overlooking seemingly small, but usually critical detail . Often, 

also, it is a result from the necessity of performing all sorts of 

the essential activities on a much finer scale than most people 

have had practice with. A jewelers work is coarse by comparison. 
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The unaided eye is quite inadequate. Binocular dissecting micro

scopes and binocular headloops are often necessary to allow the 

electron microscopist to properly carry out his work . It will be 

a difficult adjustment for a person who has been dissecting with 

stiff blunt forceps and who has been trimming paraffin blocks with 

a dull scalpel to refine his tools as well as his movements to 

such a fine state . In this respect the person who has done no 

conventional microscopy may have less a problem. I believe the 

most important thing for the student to remember is that the atten

tion paid to the fine intricacies of detail will eventually measure 

the resultant skill, adaptability, and art of the fonned. electron 

microscopist. 

I believe that through the preceding introduction it is 

easily recognizable that investigation with the electron microscope 

on a project basis by an individual is not best carried out on a 

shared facility basis. While the practicality of only one or two 

investigators in the same field using the same electron microscope 

is not readily seen by most administrative officials, the ratio of 

the resultant output to the financial investment would be much 

greater over a significant period of time if this were the case. 

It is hoped by this author that eventually this will be a fully 

recognized fact and more electron microscopes will be available for 

those trained to use them. 
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II. 

PFEFIXATION SPECIMEN PREPARATION 

Multiple problems meet the student in this first step of 

preparing tissues. He must fully realize that the resultant of 

his efforts in preparing a specimen will be only as good. as his 

weakest link. Since a lot of time is involved in the complete pre

paration of a specimen, he should be meticulously careful each step 

of the way. A second, much more important motivating factor, is 

that each specimen may, in its minute structure, contain a signifi

cant finding that is not present in any other specimen. Even if 

one finds this in a poorly prepared specimen at the end of the pro

cess, it may be significantly distorted, or, it may not be possible 

to differentiate from artifact. Too many times this author has 

carried out a complete preparation of very important material only 

to find out that somewhere in the process he had destroyed an im

portant membrane or intracytoplasmic structure. Thus the author 

reemphasizes, from the killing of the animal to the viewing of the 

electron micrographs, be meticulous in explicitly following the 

details. 

The biggest problems I encountered in this first step were: 

1. Adequate exposure to osriii.um t etroxide in a significantly short 

period of time. 2. Mechanical destruction due to improper mincing 

or slicing. 3. Chemical destruction due to the use of saline or 

other fluids prior to fixation. 4. Inadequate respect of the de

activating action of blood and tissue fluids. 5. Frequent corneal 
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fixation secondary to inadequate respect of the detrimental actions 

of osmium tetroxide fumes. 

To further define these problems, the time interval from the 

dearterialization of the tissue at the beginning of fixation should 

take no longer than one minute and preferably no greater than thirty 

seconds . Any further delay than this allows disruption of structures 

vital to the electron microscopist . 

As regards mechanical destruction, it is not always due to im

proper technique, but , by very meticulous technique, this hazard 

can be brought to a minimum. This technique will be discussed and 

the problem itself is relatively self explanatory. It is mostly 

brought about by the shearing force of the razor blade on the tissue. 

Chemical destruction is that destruction brought about by the 

use of 11 flushingtt fluids of improper isotonic and isosmotic values. 

The fixative also falls into this category. It affects primarily 

the intracytoplasmic structures with leaching and, in particular, 

swelling and shrinking of mitochondria. 

The deactivating action on osmium tetroxide by blood and tissue 

fluids is now well knovm. This must be considered. whenever there is 

a large amount of these fluids present in tissue and is particularly 

troublesome in the vascular perfusion method. It should be mentioned 

here that metals tend to precipitate osmium tetroxide so that when 

using razor blades for cutting or other metal instruments for handling 

tissues in the early stages, this becomes a factor. 

The dangerous aspects of osmium tetroxide should be strongly 
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emphasized. This is a dangerous chemical which may affect each 

individual differently. Its most noted site of attack is the corneal 

conjunctival epithelium. The fumes of this chemical readily fix 

epithelium as they would any other tissue. Symptomatology of this 

fixation is: 1. A progressive burning of the eyes, and 2. The 

appearance of a haze or fog covering all that one sees three or four 

hours after exposure. Contrary to what other authors have said, 

this can occur with very minute exposure, the amount of which varies 

with each individual. One is not necessarily safe if during the 

procedure he does not smell the fumes of the osmium~ for this is not 

a prerequisite for corneal fixation. Some people have idiosyncratic 

reactions to this substance such as rhinitis, excessive lacrimation 

and periorbital swelling. The chemical will cause fixation of skin 

if one spills it or gets close exposure to fumes. This causes a 

brownish-black, probably nonharmful discoloration. Before leaving 

this subject, I would again repeat that this is a dangerous chemical 

and should be used cautiously. 

Numerous methods of prefixation preparation are available. The 

oldest was brought to my attention in Palade 1s article in 1952. One 

removes the tissue from the anesthetized animal in a long narrow 

strip (5-10 mm. x 1 mm.) and places it on a piece of cardboard or 

filter paper. One immediately places several drops of osmium tetroxide 

over the tissue, starting the fixation process. One then quickly 

slices this tissue with a razor blade into one millimeter sections 

yielding pieces of tissue no larger than one cubic millimeter and 
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preferably smaller. These then are immediately placed in the fixa

tive solution for completion of the fixation process. 

This method has several shortcomings, but is applicable with 

some modification. First, while cutting this into small pieces, 

one must protect himself against the osmium tetroxide fumes by 

wearing airtight goggles or by working with the tissue under a 

hood. Likewise one should protect himself from discoloration of 

his skin by wearing gloves, either rubber or plastic. 

A second problem is the proper exposure of the tissue surface 

to active osmium tetroxide fumes. This problem may be sunnounted 

by using a paraffin-molded shallow container instead of cardboard. 

In this, one can have much more fixative covering this specimen and 

can continually flush this specimen while cutting, so that the 

available amount of active osmium tetroxide is greater. 

The problem of tissue fluid deactivation or dilution is de

creased. This will somewhat prolong the time available for slicing 

the strip in a more precise, accurate manner. This does not, how

ever, solve the problem of precipitation and the time available at 

this point is still somewhat limited. 

If one attempts to decrease the fluid factor by flushing the 

tissue with a salt solution, he may run into further intracyto

plasmic structural distortion. Substances used for this must be 

isotonic and must have the same ionic dissociation as tissue fluids. 

Without this, one may get despiralization of chromosomes, chromatid 

and spindle disorganization along with chromosomal and mitochondrial 
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swelling. Most of this is thought to be due to low osmotic pres

sure fluids, but when isotonic solutions are used, the chromosome 

swelling found was thought by Hungerford and DiBerardino (1958) 

to possibly be due to delay of fixation. 

The mechanical disruption one gets with this method is rela

tively high, particularly in some tissues such as nervous system 

tissue. It can somewhat be decreased by the time taken to cut the 

tissue carefully. One should use new razor blades cleaned in acetone 

for each new piece of tissue. 

This method is poorly applicable to some tissues such as spleen 

and brain, even with modifications. With liver and many other 

tissues, however, this works relatively well and is widely used. 

As already stated, the above described. is the old standard 

method still used by many for most tissues. In our laboratory and 

others, three other methods have been attempted with fair results 

in some, and good results in others, depending on the tissue and 

the method. 

The three following methods are 11 in vivo" methods so that 

fixation can take place without loss of vital blood eupply. The 

first is that of fixing a surface of an organ in an anesthetized ani

mal prior to removal. This is accomplished by stripping away the 

surface capsule 1,rhich leaves a freely oozing surface. One then 

flushes this with several milliliters of properly prepared fixative 

solution until the oozing stops. This begins immediate fixation 

without deactivation or dilution .by the tissue fluids. One then 
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places a small piece of cotton over this area and soaks this with 

the fixative solution. This allows a continued bath of solution 

over the area of desired fixation. Two to three drops of fixative 

are added to this cotton every two to three minutes for about fif

teen minutes. Then the area can be cut in a thin slice from the 

organ, diced into one millimeter cubes and placed in the fixative 

solution for the rest of the desired fixation time. The separation 

of this area is relatively easy because the fixation has caused 

hardening of the penetrated area. This method is accompanied by the 

same hazards as the others as regards danger of osmium tetroxide 

fumes. Proper precautions as before listed are necessary. The tissue 

fluid deactivation property has been coped with by constant flushing 

with the fixative. The mechanical disruption problems are less here 

because this fixation occurs prior to cutting. The chemical dis

ruption is unlikely if the fixative is properly prepared. Most im

portant of all, the time interval from dearterialization to fixation 

is almost zero seconds. It is obvious, of course, that all organs 

cannot be dealt with in this manner for many receive their blood 

supply through the capsule. The brain, kidney, and with proper handling , 

the spleen may be fixed by this method. The adrenal cannot be. 

Another method is that of creating a free surface for fixation. 

This is particularly useful when deeper structures are desired. This 

method and a modification thereof, is the best method applicable as 

far as the author is concerned, to spleen, kidney, and liver. This 

is actually only a modification of the above, but here a wedge of 
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tissue is removed from the surface of an organ to the desired depth. 

Then the fixative is flushed through the area until the oozing 

stops; again, cotton is applied and the area is kept bathed in fre

quently replenished osmium tetroxide fixative solution. One may 

even cut completely across an organ with this method, but bleeding 

becomes a particular problem in this case. The only disadvantage 

of this urocedure over the previous one is the possibility of mechani

cal disruption along the original cutting edge and the fact that 

more vigorous flushing with fixative is required. 

A modification of the above method has been tried and proven 

useful in this laboratory. The idea for this method was submitted 

by a graduate student associate, Jerome H. Smith, and was te8ted by 

myself and Mr. Smith in the experimentation done in preparation for 

my Master's thesis. One takes six to eight razor blades, single 

edged., and first cleans them in an acetone solution and wipes them 

dry with a lint-free cloth. They are then placed. side by side with 

the sharp edges oriented in this same direction. On each handle 

side of the razor blade one or more strips of masking tape are 

placed as spacers so that the edges are parallel to one another and 

approximately O.S to 1.0 millimeter apart. The entire handle portion 

of these razor blades are then taped sturdily together with masking 

tape and the resultant is a tandem ra zor blade with six to eight 

razor sharp edges parallel to one another, on the same plane, approxi

mately o.S to 1.0 millimeter apart. (Figure 1) One then exposes 
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the organ to be cut , draws the blade quickly across the organ in 

a circular motion consisting of a short d.ovm stroke and quick but 

longer upstroke. This leaves six to eight cuts about one milli

meter apart and approximately two millimeters deep into which the 

fixative is quickly flushed in copious quantities . Following the 

stoppage of oozing , the fixative is continuously applied to the 

incisions by placing a small amount of cotton over the entire por

tion and keeping it supersaturated with fixative solution. At the 

end of fifteen minutes the several cut strips are removed in block . 

Separation of fixed from unfixed tissue is easy because of the 

hardening . The tissue is then cut across at 0 . 5 to 1 . 0 millimeter 

intervals to again prepare the one cubic millimeter tissue blocks . 

This may be done with a single blade or with the previously described 

tandem razor blade . Another way of using this instrument , which is 

of equal effectiveness , is to make the "in vivo" cuts , remove the 

strips immediately, separate the strips and place them in a shallow, 

paraffin container bathing the tissue with f ixative; and , then, 

after fifteen minutes of fixation, cut them into one millimeter 

cubes and place them in another soluti on for completion of the fixa 

tion process . This latter method appears to cause greater mechanical 

destruction , however. May I reemphasize that all of this should be 

done under a hood, or one should wear airtight goggles . Both of 

the methods using the tandem razor blade have proven very effective 

in our laboratory. Skill in using this instrument takes the sacri

fice of about one animal with practice on the various organs in that 
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animal. The only real drawback of this method is the requisite 

use of a somewhat larger amount of fixative . 

To facilitate the above procedures so that a mininrum amount of 

postmortem changes take place prior to fixation , and to keep the 

tissue at an optimum temperature for fixation , the organ should be 

identified., isolated, and mobilized into such a position that it 

can be packed in ice during the procedure. A minimal amount of 

trauma during this mobilization is essential. This is especially 

true in organs such as the spleen which are dynamic in their reaction 

to trauma . If not , one will be viewing pathologically or function

ally altered morphology which is iatrogenic . 

There are other methods used in various special instances . 

Vascular perfusion, for instance , has found some use in such tissues 

as brain , liver, and possibly spleen . An almost insunnountable 

problem here, however, has been the deactivation of osmium tetroxide 

by the blood plasma. It requires very large amounts of fixative 

solution and even then may be only partly successful . Arterial 

injection in this perfusion is not the route of choice because os

mium tetroxide is a marked vasoconstrictor and the fixative gets no 

further than the constricted arterioles. Pease (1960) has found 

vasodilators of no assistance . Injection needs to be retrograde 

via a venous vessel with a continuous drainage route supplied.. The 

author has, as yet , no successful experience with this in its appli

cation towards splenic fixation, but excellent micrographs of liver 
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cells by vascular perfusion have been published.. Cerebral spinal 

fluid channels have also been utilized in this way. 

Pallie and Pease (1958) introduced the use of hyaluronidase 

as a pretreatment for penetration of tissue where connective tissue 

is thought to represent a formidable barrier. The author has had 

no experience with this and refers the reader to the original arti

cle. The authors found this method most helpful in the fixation of 

arteries and in the fixation of sweat glands in a rat's foot pad. 

The method is not as yet widely used but sounds promising. 

For further ideas regarding special problems concerning pre

fixation treatment, the student of electron microscopy must search 

his own imaginary mind as well as the literature which is rapidly 

increasing in volume each day. 
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Plate I . 

Figure 1 . Tandem Razor Blade (Smith, 1960) . 





III. 

FIXATION 

Osmium tetroxide is now considered to be the basic general 

all purpose fixative. This fixative was first used successfully 

in electron microscopy by Claude and Fullman in 1946. Pease and 

Baker in 1948 were next to successfully apply this fixative to ul

trathin sections in preparation for the electron microscope. In 

1950 the laboratories headed by Dalton, et al., Porter, and Pease 

and Baker did comparative studies of several common fixatives and 

this resulted in the unanimous opinion that osmium tetroxide was the 

general fixative of choice . 

In 1952 , after experimentation with various fixatives used 

by his contemporaries, G. E. Palade reported his formula for proper 

fixation . He studied extensively various influences of changes in 

the contents of the completed fixative solution. It is of utmost 

importance to be fully aware of why one is using such a precisely 
' 

made solution. One should understand the reason for modification of 

old and new formulas rather than follow them 11 cookbook style11
• In 

this manner he will later have more insight into adaptations ' and ad

justments he himself must make . 

Palade considered the action of hydrogen ion concentration on 

the fixation process . He found that in tissue blocks osmium tetro

xide fixation is preceded by an acidification wave. He felt this 

to be responsible for morphological alterations found at electron 
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microscopy. The etiology of this acidification he hypothesized to 

be two-fold. First, the production of acid by tissue enz.ymes 

secondary to trauma, or second. the high hydrogen ion concentration 

of the osmium tetroxide fixative itself. He ruled out the first 

possibility by adding inhibitors of known acid producing metabolic 

processes such as anaerobic glycolysis and hydrolysis of phosphoric 

acid esters. This did not j_mprove the result. 

He next ran a series of experiments at various pH's, both buf

fered and unbuffered.. The defects that he found were as follows: 

1. Coarse precipitation of nuclear content at pH's less than 7.0. 

Nuclear content was more or less homogenous at pH of 7.0 to 8.0. 

2. Mitochondria were swollen on both sides of neutrality. 3. Lipid 

inclusions were swollen and greatly vacuolated at pH's greater than 

7.4. 4. Ground substance was coarsely granular at pH 5, finely 

granular with vacuoles at pH 6, homogenous with no vacuoles at pH?, 

and greatly vacuolated at pH 8. S. Cell membranes, as well as the 

nuclear and mitochondrial membranes, appeared thicker and denser at 

acid. pH's than at neutral or alkaline pH. He felt he showed. con

clusively that the appearance of cells fixed in tissue blocks by 
, 

osmium tetroxide was highly dependent on the hydrogen ion activity 

of the fixing solution. He went on to show that the quality of 

fixation could be materially improved. by buffering the osmium tetro

xide solutions at pH 7.3 to 7.5 with the acetate-veronal buffer, which 

he considered. the most applicable of the buffering systems. He 

recommended 1% osmium tetroxide buffered at pH 7. 3 to 7. 5 with 
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acetate-veronal buffer as the appropriate fixative for general 

purpose electron microscopy. This is known as "Palade 's Pickle". 

Even in this early article it is significant that Palade suggests 

variation in molarity of substances as a nossible cause of poor 

fixation. 

To further understand osmium tetroxide as a fixative, I would 

like to refer to two other articles: Porter and Kallman (1953) and 

Bahr (195h). Porter and Kallman in their article state that the 
0~ 

structural fonnula of osmium tetroxide is ~ Os02. It is known to be 
Or 

neutral to litmus and is a non-electrolyte. For this reason the 

practice of calling it "osmic acid" is misleading and incorrect. Its 

action on various tissue differs in its rate and nature. The reaction 

with lipids is probably by way of an affinity of osmium tetroxide 

for the ethylenic double bond configurations, thus forming unstable 

osmium esters which decompose to deposit osmium oxides or hydroxides 

at the site of activity. 

0~ - CH 
;,oso2 -t \I 

oV - CH 

- CH - 0 
;;:z l )so2 

_ CH - 0 

Reaction of Osmium Tetroxide with Ethylenic Double Bonds 

Figure 2 

They felt that little was known of the reaction of osmium tetro

xide with proteins, but in their preliminary studies it was shown 

to produce, quickly, an initial gelation of protein solutions. They 

postulated that by virtue of its tetrahydral configuration, osmium 
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tetroxid.e may form polymer-like structures with proteins esta

blishing linkages at double bond containi ng groups . This initial 

gelation may then be followed. by a further oxidation and the pro

duction of soluble end products, which, after long fixation , wash 

out of the cell . 

Bahr (1954) in his discussion of t he action of osmium tetro

xide suggested that the chemical action gave some indication of the 

affinity of this substance for different cellular structures . He 

readily admits that chemical cellular affinity is not necessarily a 

proven fact . He listed the following approximate order of reactivity 

as regards the chemistry of osmium tetroxide: "Sulfhydryl groups 

have a direct reducing action, which may partly account for reactions 

with e .g. peptides, proteins and enzymes . Double bonds show about 

the same reactivity, an outstanding property of osmium tetroxide. 

Reactions with olefinic chains are exothermic and fast, but the 

esters formed are rather liable to hydrolize into a diol and 

Os04 · 2H20• In ester formation with cyclic compounds, the osmium 

tetroxide is firmly bound to certain double bond positions in the 

molecule concerned and gives rather stable products. This reaction 

type is of interest for fats, waxes, lecithin, the cerebrosides, 

vitamins , certain hormones, gallic acids and all other biological 

substances having a basic sterol structure . With tertiary bases the 

osmium tetroxide molecule easily forms stable coordination compounds, 

which in turn are able to accelerate the double bond reactions 
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appreciably. Such coordination probably occurs with e . g . !!:leto

phane . Amino groups in a terminal position and not salt linked , 

sulfide sulfur, hydroxyl and aldehyde groups in terminal positions 

and on certain carbon chain links, certain heterocyclic compounds 

and aromatic compo11I1~~~ with hydroxyl groups in juxtaposition are 

able to give intense reacti ons with osmium tetroxid.e , the latter 

being of importance when plant material containing tanning substances 

is studied." 

Criegee, and the workers using his method, showed that a large 

number of the osmium tetroxide reactions with organic substances are 

affected by steric conditions . This fact exnlains in some cases the 

inertness of one and the reactivity of another compound both having 

very similar structures . 

Bahr feels that the inertness of the carboh_;y:drates and the 

nucleic acids towards osmium tetroxide is one of the most ::triking 

results obtained and may be an explanation of the nonimpregnated 

areas in cytoplasm and nucleus in ultrathin sections of osmium fixed 

tissues . 

From empirical considerations it is suggested that Erotein 

reactions with osmium tetroxid.e are roughly dependent on the typto

phane, cysteine and histidine /2 content in the protein. Some en

zymes obviously form exceptions to the rule . 

Even though a rough impression of the sites of osmium tetroxide 

and thus a vague interpretation of the osmium deposits in sections 

can be given, no conclusions can be dravm from the localization of 
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the osmium reactions in the heterogeneous cellular structures. The 

reactions of osmium tetroxide with biological material are dependent 

on time, temperature and concentration, and thus the results in the 

literature and Bahr 1 s article suggest that the constancy of time, 

temperature, object size, and composition of the fluid are essential 

to get comparable results when osmium tetroxide is used for fixation. 

Much remains to be done in understanding what is and is not 

fixed by osmium tetroxide but the above paragraphs give the reader 

some idea of the action of this chemical. 

Palade 1s fixative formula, previously discussed, is as follows: 

Stock Buffer Solution 

Sodium veronal (barbital) 
Sodium acetate 
Distilled Water to make 

Stock Osmium Tetroxide Solution 

lh.7 gm. 
9.7 gm. 
500 ml. 

2% 

Stock 0.1 Normal HCl ----------- 8.6 ml. concentrated 
HCl TI't>%, 11.6 molar) in water up to make one liter. 

Fixative Solution 

Buffer 
0.1 Normal HCl 
2% Osmium Tetroxide 
Distilled water 
(pH approximately 7.h) 

5.o ml . 
5.0 ml. 

12.5 ml. 
2.5 ml. 

(Palade 1952) 

Concerning his formula two important thoughts are of practical 

value: 1. Osmium tetroxide is very slow to dissolve and is best 

made up about twelve hours prior to use. It will keep for a couple 

of weeks in the refrigerator but I prefer to use up the solution in 
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one week or less. 2. The buffer solution keeps well but must be 

stored in the refrigerator. If it is not, molds and other micro

organisms will grow in the buffer. 

This fonnula and its modifications is the most universally used 

fixative for electron microscopy. Essentially all students could 

start with this first original formula and not go far wrong. 

Many workers in the field have modified this formula in various 

ways to produce a desired result. It was mentioned earlier that 

Palade in his early experimentation had noted that molarity may have 

some significance as regards the fixation. Caulfield (1957) felt 

that the hypotonicity of Palade's solution was of significance. He 

felt that sucrose when added to the standard Palade fixative at the 

rate of 0.45 gm. per ml. of a 1% buffered fixative solution, in

creased the tonicity without increasing the sodium ions and fre

ouently resulted in better preservation of larger portions of the 

block than without the addition. In view of the findings of Hunger

ford and DiBerardino in 1958 on the effects of tonicity on cells, this 

seems to be a very necessary addition. 

Palade in 1956 emphasized that certain ions should be avoided 

such as the ammonium ion, for it destroys the membranes of the endo

plasmic reticulum. On the other hand, calcium and/or magnesium ions 

in little more than trace quantities may be advantageous in preventing 

the extraction of cement substances. 
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At the Karolinska Institute investigators have not felt that 

hydrogen ion strength was most important and, instead, emphasized 

tonicity. Zetterquist in 1956 gave us this modified formula: 

Stock Buffer Solution 
---rs'ame as Palade's) 

Stock Salt Solution 

Sodium Chloride 
Potassium Chloride 
Calcium Chloride 
Distilled Water to make 

Fixative Solution 

Buffer Solution 
Salt Solution 
0.1 Normal HCl 
Distilled Water to make 
Osmium tetroxide (dry) 

40 gm. 
2 gm. 
1 gm. 

500 ml. 

10.0 ml. 
3.4 ml. 

11.0 ml. 
so.o ml. 
o.S gm. 

This fixative should have a pH of 7.2 - 7.4 and its tonicity is es
timated to be 0.34 molar. 

In our laboratory we have emphasized the tonicity as being very 

important and have used a combination of Zetterquist's and Caulfield's 

formulae with the following formulation: 

Stock Buffer Solution 
---rs'ame as Palade 1s) 

Stock Salt Solution 
(Sameas Zetterquist's) 

Fixative Solution 

Buffer Solution 
Salt Solution 

* O.lN HCl 
~~ Distilled water 

Osmium tetroxide (dry) 
* Sucrose 

Total amount of solution 
pH 

tonicity 
% 0504 

-
= 
= 

10.0 ml. 
3.4 ml. 
6.0 ml. 

so.o ml. 
1.0 gm. 
o.t gm. 

69.\ ml. 
7.2 - 7.4 
0.3411 M 
1.441 
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The asterick's indicate the changes. In our laboratory we have 
found this to yield the best results. 

In 1955, Dalton found that the neutralization of potassium 

dichromate with KOH resulted in the development of a strong buffer 

system, stable within the pH range of 5.6 to 7.6. Tests with various 

mixture combinations indicated the most satisfactory combination to 

be a mixture of 1% dichromate solution (pH 7.2), 1% osmium tetroxide 

and o.85% sodium chloride. This combination was obtained by mixing 

equal quantities of a 4% dichromate solution (brought to pH 7.2 

with KOH) and 3.4% sodium chloride. Equal quantities of this re

sultant solution and 2% osmium tetroxide were then mixed to give 

the final concentration. Results of the use of this fixation had 

some advantages and certain disadvantages when compared with the 

results obtained by Palade 1s fixative. Some of the advantages were: 

1. The very stable nature of the mixture both in regard to pH and 

spontaneous reduction of osmium. 2. No detectable leaching out 

of materials during fixation and dehydTation. 3. Reduction of 

damage from polymerization during embedding. 4. Fixation times 

are not critical. Disadvantages probably related to the advantages 

were : 1. Lower contrast. 2. Increased difficulty in obtaining 

thin sections. 3. Mixing of the dichromate solution must be 

thorough and solution must be at proper pH. This fixative is not 

widely used at present; but, according to Leon Weiss from John 

Hopkins, it is felt that it is very applicable to spleen and central 

nervous system tissue. 
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In 1956 Luft investigated potassium permanganate for its 

qualities useful in electron microscopy. He found that the perman

ganate fixed lipoprotein complexes that appear in membranes especially 

well, but other parts of cellular structures were fixed poorly. 

With the background very pale and the membrane density enhanced a 

very good contrast was produced. He found the potassium salt to be 

the best applicable and failed to improve fixation by the addition 

of osmium tetroxide. He felt that permanganate stained glycogen 

better, and was insoluble in oils and fats in contrast to osmium 

tetroxide. The method is as follows: 1. Make up the stock solution 

of potassium permanganate (1.2%), and store in the refrigerator in a 

stoppered glass. 2. Mix in equal quantities this permanganate solu

tion with acetate-veronal buffer of Palade so that the final concen

tration is 0.6% potassiun1 permanganate. Buffer pH should equal 

7.4 to 7.6. 3. Cool the solution in cracked ice and fix small 

tissue blocks (1 cmm.) at zero degrees centigrade 15 minutes to 

12 hours depending upon the tissue. 4. At end of fixation, rinse 

the tissue several times in cold (0 to 5° C) 25% ethanol. 5. Allow 

to warm to room temperature in fresh 25% ethanol (15 to 20 min.). 

6. Dehydrate and embed in methacrylate. The temperature here is 

particularly important. Pease (1960) feels that this solution is 

hypotonic with resultant swelling of mitocrond.ria. He also feels 

that the methacrylate blocks are unduly sensitive to polymerization 

damage. I feel the biggest problem of Luft 1s fixative is the loss 
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of all other structures of the cell. Even when membranes are well 

fixed and well preserved, orientation is difficult. 

Three important factors need mention at this point. First is 

the time allowed for fixation. (We are here concerning ourselves 

with fixation by osmium tetroxide.) In our laboratory we are now 

using fixation times which are individualized to the tissue but 

usually are between ?O and 30 minutes. Fixation is probably mostly 

completed within 2 to 3 minutes of proper exposure, and, exposure 

of more than 2 hours leads to much leaching, precipitation of os

mium salts and artifact. 

Secondly, is the strength of the osmium tetroxide in the final 

fixative solution. Palade used 1% in his final solution originally. 

He has since suggested variations up to 3 to h%. Others suggest 2%. 

In our laboratory we have found l.h% the most useful and convenient. 

I feel any concentration no less than 1% and no greater than 2% is 

adeauate. Concentrations greater than this are not deleterious, 

but neither are they an asset. 

The third item is temperature control. In chapter two I ex

plained the cooling of the organ in the anesthetized animal. Like

wise the optimum action of osmium tetroxide solution is at this tem

perature for start of fixation. Following the first 3 minutes, the 

temperature is not so critical, for, as previously mentioned, most 

fixation has already occurred. 

Before leaving fixatives I should like to mention that formalin 
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fixation can occasionally be used initially, followed by osmium 

tetroxide staining (fixation?). The results are poor with less 

well defined borders of structures etc., but it has some use. 

According to Dr. J. S . Latta, Dr. W. Bloom, University of 

Chicago, has had good luck with the fixation of chromosomes with 

formalin followed by phosphotungstic acid staining . Recently freeze 

dry and freeze substitution lave been invoked in an attempt at 

eventual histochemical correlation. I have had absolutely no ex

perience with these latter two methods and refer the reader to the 

works of Sjostrand and Baker (1958) and Ferandez-Moran (1959). 

Now that the fixatives used have been discussed, the problem of 

judging good fixation is at hand. This is judged as the best that 

can be accomplished by osmium tetroxide fixation . The most con

spicuous deficiency in the best preparation is in the preservation 

of chromosomes. The qualities of good and bad fixation are listed 

by Pease (1960) as the following: 1. Nuclei uniformly and finely 

granular. Aggregation of chromatin masses in other than plasma 

cells (where they are considered normal) is a sign of poor fixation. 

2. Mitochondria - (sensitive indicators). Easily become obviously 

swollen and empty looking while other features are well preserved. 

J. Endoplasmic reticulum - appear partly as flattened cisterns 

arranged in stacks . Width and arrangement of cisterns should be 

relatively uniform. They become irregularly swollen when poorly 

preserved. 4. Outer~ inner nuclear membrane - the gap between 

these is a continuation of the cisterns of the endoplasmic reticulum 
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and, as such, should be of nearly uniform width. S. Golgi ~-

branes and vacuoles - these seem ouite resistant to the problems of 

fixation and may have a good appearance even though the other or-

ganelles are severely damaged. 6. Plasma membrane at the surface 

of the cell - this should certainly be complete; deep basal in

foldings of t his membrane should be separated by a nearly unifonn 

gap. 7. ~ nground substance" of cytoplasm - this should be 

very finely precipitated and not at all conspicuous in most cells. 

Irregular masses of material , coating organelles and inclusions, 

indicates coarse aggregation of the proteins. 8. Apical ends of 

secreto,!l cells - these are apt to be more sensitive to deleterious 

influences than the basal cells. If they seem more watery with their 

contents widely dispersed by comparison they probably have been 

swollen. 9. Shrinka~ !!tifacts - these may result in artifical 

spaces particularly between cells or around inclusions, and, con

nective tissue is particularly apt to be torn. 

Order tends to be degraded by poor preservation. Cytoplasm 

looks most complex when it is well preserved. Morphological beauty 

is a correlate of good fixation. 

In closing, I would like to once again reemphasize what was 

said in chapter II. Most of the fixation done in this laboratory, 

and in most laboratories over the country, is done with osmium 

tetroxide. This is a dangerous chemical and to prevent injury must 

be treated as such. 
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IV. 

EMBEDDING 

There have been large quantities of work in this field con

cerning the embedding media for electron microscopy. If one were 

to take the space in this text to concern himself with all the as

pects of this portion of electron microscopy, its purpose would be 

defeated. However, a basic understanding of some of the essential 

problems is necessary for the beginner student of electron microscopy. 

In view of this, an outline will be listed of the principles of em

bedding with each of the media, followed by a brief discussion of 

the process. A discussion of polymerization damage will be included 

at the conclusion of the chapter. 

Prior to embedding a tissue block fixed in osmium tetroxide 

one must concern himself with the process of dehydration. Water 

contamination in the embedding media leads to artifact in the tissue 

and bubbles in the block. For all practical purposes the two dehy

drating substances primarily used are acetone and alcohol. Dioxane 

and dimethyl formamide have been tried with no advantages. These 

latter two chemicals are potentially very dangerous. 

The method of dehydration used in our laboratory is as follows: 

1. 
2. 
3. 
4. 
5. 

50% EtOH 
75% EtOH 
95% EtOH 

100% EtOH 
50:50 100% EtOH; 

1
1

5
5 

~n• } In Refrigerator 
min. 

15 min. 
15 min. X 2 - 4 changes 

methacrylate mixture - 30 min. 

The tissue is then continued through the embedding process which will 
be discussed later. 
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With the above process we have achieved good results. One 

can use methyl alcohol for dehydration with somewhat better results, 

but methyl alcohol is more dangerous. Also, by adding anhydrous 

calcium sulfate as an indicator in 100% alcohol, one can better 

regulate the dehydration process. 

It is felt by some authors that since ethyl alcohol further 

reacts with osmium tetroxid.e, a washing should be done with de-ionized 

water or a buffered solution, between the steps of fixation and dehy

dration. Since, however, the reaction is but a continuation of 

reduction to the lower oxides of osmium, there seems to be no practi

c a 1. value in this procedure. 

The use of anhydrous acetone also has a place in electron mi

croscopy. In particular, along with most polyesters, a new polyester 

"Selectron", recently introduced at the American Association of 

Anatomists meeting by Low and Clevenger, is not miscible with alco

hol. The chief disadvantage of anhydrous acetone is the difficulty 

in keeping it anhydrous. This occasionally results in incomplete 

dehydration. An assured way of getting and keeping acetone anhy

drous needs yet be perfected. 

The author suggests that the use of ethyl alcohol be continued. 

until such time that the less experienced worker wishes to attempt 

some of the newer embedding media. 

Newman et al. (19h9) introduced butyl methacrylate embedding. 

This is the standby embedding media for most beginners. It is also 

widely used. by many experienced. workers for most tissues. 
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In 1958 we were having the same trouble as others in getting 

blocks of the proper hardness . At that time 100 blocks were pre

pared with a variance of methyl-butyl methacrylate ratios. These 

were all prepared in the same manner and were incubated 24 hrs. in a 

60° C. oven. Following this , each was sectioned and judged on the 

basis of hardness , plasticity, homogeneity, and , foremost, on ease 

of cutting combined with lack of polymerization damage . In conclusion 

it was found that the mixture of 15% methyl methacrylate and 85% 

butyl methacrylate plus 1% to 3% by weight of luperco CDB (2 ,4 dichloro

benzoyl peroxide with a plasticizer dibutyl phthalate) was most 

advantageous and since then has been used in this laboratory. Other 

laboratories use anywhere from 10 to 30% methyl or ethyl methacrylate 

for combining with butyl methacrylate, with good results. The block , 

when cut with a razor blade , should have a glassy surface, should cut 

with ease, and should not be so hard or brittle that chunks break 

off during the trimming process . It is felt in this laboratory and 

others that if one can indent the embedded block slightly with his 

fingernail the hardness is probably correct, 

As regards the inhibitor (hydroquinone) which comes in the 

methacrylate, in this laboratory we still feel that this should be 

removed. By leaving the inhibitor in the methacrylate, the poly

merization process is prolonged. The process for removal of the 

inhibitor is as follows: 
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1. Fill a separatory funnel 2/3 full of methacrylate and pour in 
a quantity of 20-30% NaOH (dangerous to eyes, skin and clothing.) -
do not fill to top - air space is needed for shaking the solution. 

2. Shake separatory funnel vigorously for about 1 minute (cover tip 
with paper towel) and then replace in support and allow separa
tion of water and methacrylate. The NaOH solution will be brown 
in color. Open stop-cock and drain off the brown layer. 

3. Repeat step #2 until no brown color can be detected (usually 
3 times is sufficient.) 

h. Drain final NaOH wash and replace with distilled water; shake 
as before and allow to separate and drain. Repeat this pro
cedure for a total of 6 washings. 

5. Filter the methacrylate through two thicknesses of filter paper 
(place some Drierite in funnel) into a flask containing a layer 
of Drierite on the bottom. This procedure serves to remove 
residual water. (about 1%) 

6. Place in refrigerator as stock solution and label appropriately -
Methyl , Ethyl, or Butyl Methacrylate, purified. 

(Caution: Be sure all containers used in the above process are not 
contaminated by water.) 

The outline we use here for embedding following the steps of 

dehydration and inhibitor removal is: 

1. 50:50 100% EtOH: Methyl (15%) - Butyl (85%) Methacrylate 
mixture-30 min. 

2. Pure Methyl (15%) + Butyl (85%) Methacrylate + Luperco 
CDB 1-2%-30 min. 

3. Repeat Step 2 in fresh mixture. 
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h. Prepolymerize methacrylate by placing in 60° C. oven for 
about 30 min. depending on consistency of methacrylate as 
checked by insnection every 5 minutes after the 15 min. 
period is past. 

5. The gelatin capsules (00) are also preheated. and coated 
with prepolymerized methacrylate in the same manner. 

6. Place the specimen in the previously prepared gelatin cap
sules (00) with the prepolymerized methacrylate (with 
catalyst) 2/3 filling the capsule . Incubate this with the 
top of the capsule in place 12-24 hours at 600 C. (~Jhen 
the inhibitor is not removed, 48 hours may be required . ) 

7. Allow to stand at room temperature for 24-LB hours before 
sectioning. 

With incubation in the 60° C. oven, layering of methacrylate 

with heterogeneity as opposed to homogeneity is still a problem. The 

purpose of prepolymerization will be discussed later . 

In a recent visit to V. L. van Breemen 1 s laboratory, I was able 

to observe his excellent results with just heating his embedded cap

sules in an aluminum tray with a regular desk lamp. The aluminum 

tray had holes the size of the capsules, properly spaced , and the 

lamp was 6 to 12 inches away from the capsules . This tray allowed 

proper dispersion of the heat with very littl e l ayering. Ultraviolet 

light has been used in other laboratories in much the same manner 

with good results . 

Methacrylate embedding has many advantages . It decomposes under 

electron bombardment with resultant loss of substance causing a de

crease in the background material and an increase in contrast . This 

carries with it the main disadvantage of methacrylate, that is, 

artifact secondary to surface tension factors . This decomposition 
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causes membranes close to one another to collapse together and appear 

as a single membrane. "A cylinder may collapse. Two tiny granules 

that are close together may fuse into a single mass . Structures 

of complete angular geometry may become rounded. When one is pri

marily concerned with morphology at the macromolecular level, these 

artifacts may indeed be serious (although to some extent 'sandwiching' 

methacrylate sections between two supporting films protects them 

from this damage .•• • )." (Pease 1960) 

The next embedding media is Araldite, an epoxy resin. Maal¢e 

and Birch-Ande~son (1956) first achieved partial succe~s with an 

epoxy resin, which they called EPO, plus an aliphatic polyamine 

(diethylene triamine) as hardener. Salmonella typhimurium sections 

were noted to be free of damage and distortion often found in 

methacrylate embedded sections. Glauert, Rogers and Glauert (1956) 

next reported success with another epoxy resin known as "Araldite". 

Following this, Huxley (1957), and Birbeck and Mercer (1957) began 

a routine use of this substance. Glauert and Glauert (1958) have 

thus far given the most up to date account in the literature of 

this substance. 

The recommended embedding media mixture is as follows: 

Araldite M 
Hardener 964B (dodecenyl succ1n1c 

10.0 ml. 
anhydride) 10.0 ml. 

1.0 ml. Dibutyl phthalate (plasticizer) 
Accelerator 964C (tridimethylaminomethyl-

phenol) o.5 .ml. 

(l'he Araldite M can only be bought from Aero Research Ltd., Duxford, 
Cambridge, and from Ciba Ltd., Basle. There is no American equiva-
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lent of Araldite M. The 964C is sold by Romn and Haas, Incorporated., 
Philadelphia. 964B and dibutyl phthalate are readily available.) 

Araldite Mis miscible in eth~ol and the same general plan 

as used in methacrylate embedding can be used. The exceptions are 

that the Araldite is more viscous and therefore the mixture is 

usually heated to !i8° C. and soakings and final embedding are carried 

on at this temperature . Also the time for soaking is longer and 

varies with the tissue. Tyoical plans are listed below in a table 

from Glauert and Glauert (1958). The facts given can be varied to 

meet the need. 

Soft Specimens 
Liver, Lung, 
Spleen. Etc. 

50/50 EtOH/Araldite M 1-2 h . @48°C . 
Araldite Mixture less accelerator 2-3 h . @48°C . 

" 
11 with 11 2- 3 h. @48°c . 

Figure 3 

~ Specimens 
Muscle, Bacteria 
Etc. 

4-6 h. @48°c. 
24 h . @48°c. 
36 h . @room temp. 

It is advisable to keep separate glassware for epoxy resins and 

to handle these resins with care, because after polymerization it is 

impossible to remove these substances. Araldite M, hardener 964B, and 

dibutyl phthalate will keep for many months at room temperature, but 

accelerator 964C may deteriorate with time and should be kept as dry 

as possible. One can best mix resin and hardener at 60° with stirring, 

and then allow it to stand a few minutes to get rid of any formed 

air bubbles. This is best done in preheated. glassware . The mixture 

without accelerator will keep for several weeks at zero degrees 

centigrade. Place the specimen in the bottom of the gelatin capsule 
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prior to pouring in Araldite. If one needs to replace the specimen, 

do so with a fine glass rod and take care not to introduce air 

bubbles. 

The blocks of Araldite are light gold in color and show none of 

the defects associated with methacrylate. Unlike methacrylate, 

epoxy resins are not degraded under electron bombardment and Araldite 

sections do not "clear" in the electron beam. 

Consequently, the Araldite will not add to the contamination 

within the microscope. Araldite also appears to have a somewhat 

greater electron density than methacrylate, but sufficient contrast 

can be obtained if care is taken to make the sections thin enough. 

Dr. J. Luft, as well as Palade and others, uses the 11 Epon11 

epoxy resins which are less viscous and less likely to have the 

"chatter" and "scrapping" artifacts which are present with "Araldite". 

Method: 

(1) 
(2) 
(3) 

(L) 

Standard dehydration 
Two changes of propylene oxide 
Infiltrate for 1 hour in eaual parts of propylene oxide 
and the mixed resin with accelerator. 
Finally transferred to the polymerization mixture in 
gelatin capsules (00) which are heated overnight at 
35° c., at h5° c. throughout the next day and at 60° C. 
during the second night. Cutting is better with aging. 

Mixed resin consists of: 

2/3 Mixture A + 1/3 mixture B + 1.5% of DMP-30 (Accelerator) 

Mixture A (Soft)= Epon 812-62 ml. 
DDSA (dodecenyl succinic anhydride) 100 ml. 

Mixture B (H2rd) = Epon 812-100 ml. 
MNA (Methylnadic anhydride) 89 ml. 

(Mixtures A & B can be obtained from the Nat 11 Aniline Divi
sion, Allied Chemical & Dye Corp. LO Rector St., New York. 
DMP-30 ( tridimethylam:i.nrtHn.ethylphenol) can be obtained from 
Bohm & Haas; Wash . Sq.; Phil ., Penn.) 
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The polyesters were first introduced by Kellenberger et al. 

(1956). A more recent article by Ryter and Kellenberger (1958) 

gives a good method for the use of Vestopal-W. The polyesters in 

general are not miscible in alcohol, so acetone is used for dehy

dration. 

Dehz.dration 

30% acetone 
SO% acetone 
75% acetone 
90% acetone 

100% (anhydrous) acetone 

15-30 min. 
15-30 min. 
15-30 min. 
30-60 min. 
30 .. 60 min. 

~embed~ follows at~ temperature: 

3 parts 100% acetone and 1 part Vestopal W 
1 part 11 11 and l part 11 11 

1 part 11 11 and 3 parts 11 11 

Vestopal W + 1% initiator (tertiary butyl 
perbenzoate) + 0.5% activator (cobalt 
naphthenate) 

Then polymerize at 60° C. 12-24 hours. 

30-60 min. 
30-60 min. 
30-60 min. 

-- 30-60 min. 

(The Vestopal Wand the activator and initiator are available 
from ~mrtin M. Jaeger, Vesenaz, Geneva, Switzerland.) 

The use of Vestopal-W has the advantage of less distortion of 

the tissue, because, unlike methacrylate, it does not melt but rather 

sublimates without a surface tension factor. The largest disadvantage 

is the inability to acquire the substances from the company in a 

usable state. The initiator and activator are unstable and mixed by 

themselves may be explosive. It is suggested that benzoyl peroxide 

and lauryl mercaptan could be employed as initiator and activator 

respectively. However, these are only partially acceptable . 
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Vestopal is very hard and tough so that sectioning is difficult and 

the glass knife must have an angle of L.o0 to l,L.0 rather than !.tS0 

or greater. It is also suggested that this can be helped by the 

use of dibutyl phthalate as a plasticizer. 

.A mention here is made of "Selectron, 11 a new epoxy resin manu

factured in this country by Pittsburgh Plate Glass Company. It was 

recently reported by Clevenger and Low, at the annual meeting of 

.American Association of Anatomists (1961), to be miscible with 

methacrylate and to be useful in electron microscopy as an embedding 

media. They wrnd. it to show what they described as ITM (irregular 

tubulo-membraneous) substance with great succefs. Dr. Low readily 

admits that Clevenger is a very good technician and this substance 

may not be applicable by all technicians. At this time only limited 

lmowledge is available to the author on this. They dehydrate with 

acetone and have the following combinations: 

SO% Selectron 5003 
60% Selectron 11 

L.0% II II 

SO% II II 

+ 50% Butyl Methacrylate 
+ L_0% II II 

+ 60% Selectron 5214 
+ 10% 11 11 + !.to% Butyl Methacrylate 

They found the first mixture in the above listed mixtures to be 

the most advantageous. The catalyst used. was o.5ttertiary butyl 

hydroperoxide. They embedded in dry gelatin capsules (00) using a 

vacuum up to SO mm. Hg. in one hour, replacing the air with nitrogen 

slowly (1 hr.). The material was then polymerized in the oven at 

60° C. for 12 to L.8 hours. It is signifi cant that following the 

usual osmium tetroxide fixation they had to use 10% formalin treatment 
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because the "Selectron" would otherwise react with the extra oxygen 

molecules of the osmium tetroxide. 

They found that this was sufficiently strong so that 1,00.-500 

mesh nickel grids could be used without previous coating. For better 

contrast they used heavy metal staining. 

Gelatin embedding is used by some for special tissues, but it 

will only be mentioned here. 

Prepolymerization has already been mentioned. This was sug

gested. by Borysko (1956) as a method of preventing polymerization 

damage. Our method of prepolymerization has already been given . 

other methods have been tried in an attempt to eliminate polymeri

zation damage. One was the use of the non-oxidant catalyst, Azodi

iso-butyronitrile, in concentrations of 0.5 to 1.5% with heat 

polymerization at 47° C. This is useful with tissue cultures, but 

not with tissue blocks. Ward (1959) has attempted the use of small 

quantities of uranyl nitrate (0.75-0.37%) added to the methacrylate 

monomere with some success. This makes the blocks harder and may 

require the addition of as much as 10% dibutyl phthalate. 

What are we trying to prevent by the above modifications? 

Polymerization damage is likened unto an explosion phenomenon in 

the tissue primarily due to a differential expansion and. contraction 

during polymerization of certain areas of an embedded tissue block 

at a given time. It is said. that osmium tetroxide itself stimulates 

the polymerization of methacrylate and that there is more rapid 

polymerization in the areas around. the sites of its activity. The 
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damage is probably caused by the shearing and unequal tensil e 

forces created by the uneaual expansion and contraction. This 

results in swelling of mitochondria, breaking of membranes , and 

artifact and distortion sufficient to make small vesicular structures, 

such as Golgi apparatus and endoplasmic reticulum, unrecognizable . 

These findings are very difficult to differentiate from fixation 

artifacts . It is thought that the most problems, as regards , arti

facts , arise from polymerization damage . 
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v. 

SECTIONING 

Since a primary purpose of this text is its usefulness as a 

guide to the beginner at t his laboratory, I will deal primarily 

with the equipment in operation here. This means, then that the 

main emphasis will concern the fundamentals of the sectioning pro

cess as carries out on the Porter-Blum Microtome. Some problems of 

sectioning and its correlated fields will be mentioned, but for a 

more complete account of these the reader is referred to Pease (1960). 

Porter and Blum first described their microtome in 1953 and it 

was made commercially available that same year. Sjostrand 1s Model (LKB) 

was available the same year and is comparably used in Europe. At 

the recent meeting of the American Association of Anatomists (1961) 

several automatic ultra microtomes were on display. This included 

the Fernandez-Moran Model put out by Leitz and a Sjostrand-lL~e 

machine put out by Philips Electronics . The Philips machine, like 

the LKB, also had a continuous , persiptent cycle. The Leitz machine 

had a variable cycle and shows promise in the field in the near 

future . These are all thermal expansion machines except for the 

Porter-Blum. It has, since its first establishment with the mechani

cal advancement, consistently given good work . It has very little 

need of servicing and it is relatively simple to operate. 

To continue the processing of tissue in an orderly manner, the 

step following the completion of polymerization is to remove the 
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gelatin capsule from around the hardened embedding media. This is 

done by soaking in lukewarm water for a few minutes and then peeling 

off the capsule. 

For gross trimming the capsule is then placed in the "chuck 

holder" of the Porter-Blum microtome. (Figures 8 and 9) The larger 

knurled ring tightens the "chuck holder" onto a special specimen 

holder. (Figure 7) The smaller knurled ring tightens the "chuck 

holder" jaws around the embedded methacrylate tissue capsule. One 

then has a stable capsule for gross trimming. The smaller one can 

keep the face of the block, the better success one will probably 

have with sectioning. I usually trim the blocks in a trapezoid 

fashion as shown in figure 4. 

<o.s xrun-n < . p,-
.( 0.8 mm. 

,< 0.8 mm. 

Figure 4. 

This has given relatively good results providing one has a well pre

pared knife. -Other authors have stated that a narrower strip is 

more usable. The reason for this is that if the knife has a few 

nicks that are relatively widely spaced, one could place this strip 

between the nicks. This allows one to use the knife i~ only parts 

are usable, while the total knife is not. I agree with this, if it 

is deemed necessary. If the block surface is larger than above 

specified, one causes a deflection of the knife edge with consequent 
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digging and skipping, and. often a wide variation in section thick

ness along with the skipping. Even thin sections are apt to be 

useless because of fine-order chatter. 

For the more finite trinnning, one can remove the "chuck holder" 

from the specimen holder by loosening the large knurled ring and 

attaching it to the cantilever arm on the microtome in the same 

manner. The cantilever arm lock can then be hooked over the cantilever 

arm holding the arm firmly in place. Trimming can then be done with 

the aid of the binocular microscope (BM) mounted on the microtome. 

The trimming in this laboratory and others is done with a single 

edged razor blade. 

In mounting the capsule it is important to trim the back of 

the block dovm sufficiently so that only a very small portion pro

trudes from the "chuck holder." This provides further safeguard 

against "chattering," a phenomenon to be explained later. It is 

also important to orient the block in such a way that the precise 

tangential section desired is perpendicular to the plane through 

which the capsule will pass in the sectioning process by the knife. 

The next problem is the preparation, selection, and mounting 

(including trough mounting) of the glass knives. There are various 

ways of preparing glass knives. In this laboratory a pattern of 

parallelograms is placed on the desk top. The glass, in a 

lf' - 211 x 3/16" - ½n strip is placed over the pattern and with a 

straight edge a hardened wheel-cutter is used to score the glass. 

The angle at the breaking edge should be 45° for methacrylate 

blocks and 42-44° for Epoxy resins and polyesters. The scoring on 
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the side which is to be used for the knif e edge is not extended to 

the edge. A small horizontal line is then scored near the cutting 

edge side. A piece of pyrex glass rod is heated to white hot in 

an 02-air produced flame and placed about 1/3 to J/2 of the distance 

from the cutting edge. The forces of contraction and expansion 

cause the glass to break along the scored diagonal line with a re

sultant parallelogram knife. (Figure 12B, Chapter VI) 

The knife edge used is indicated in the photograph. One can 

only judge whether or not a knife is likely to be usable by whether 

it is relatively straight and whether or not a large 11 spur11 exists. 

The accompanying photograuh taken from Pease 1 s book (1960) shows 

the portion of the knife which is usually useful. (Figure 10) It 

also reveals the most common problems encountered. One problem is 

too large a spur creating too large a nonusable area. Aside from 

being curved, the spur usually has multiple "checks" on it. These 

indicate areas which will cau8e scratches on the section. A second 

area which cannot be used is that area in which the fracture ridge 

intersects the knife edge and the area adjacent toward the scored 

side. The problem this photograph does not show is the tilting of 

the angle which occurs when the fracture does not follow the pre

determined line of etching. This is not a great problem, however, 

if the edge is otherwise fairly straight and does not have a large 

spur or too many checks. 

We have found that the only real proof of a good knife will be 

the good sections themselves. However, by proceeding through the 
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mounting, and creating the combination of a meniscus of fluid, an 

overhead light and a binocular microscope, we can determine sites 

of "checking" by the highlights produced. It is very important that 

the edge of the knife not become contaminated, for this is the seat 

of most of the problems confronted in sectioning. Before I leave 

the preparation of knives, I would like to refer the reader to other 

authors concerning this: Gavin & Lloyd (1959), Pease (1960), 

Cameron (1956), Tokuyasu & Okamura (1959), and Weiner (1959). 

Pease (1960) describes a pull, twist and push action in breaking 

gla.ss knives with a glazier ' s pliers . In talking with Dr. L. P. Weiss, 

I was told that a straight pulling action "rith the glazier's pliers 

allows a better production of good knives. 

Before mounting the knives in the microtome ynife holder, a 

trough is cut out of aluminum from a pattern similar to the following. 

-----....i~ 
It._ 

Figure 5A 

This is then placed with the cut part (arrow) over the top of the 

long diagonal so that the points curve around to the edge of the 

knife. (Figure 12B, Chapter VI) A drop of paraffin is placed in

side at the base of this trough and allowed to cool. With the trough 

in perfect alignment, each side is heated with the knife tilted so 

that the paraffin seals the space between the trough and the knife 

out to, but not including the edge. I must reemphasize that if the 
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knife edge becomes contaminated, good sections will be rare. The 

seal may be reinforced by brushing paraffin along the outside at 

the knife-trough contact. This seal must be sufficient to hold 

10-40% acetone solution in the trough. others suggest the use of 

one -half inch tape sealed with filtered beeswax. This has not 

worked as well in our laboratory but is worth a try by the individual . 

One is now ready to mount the knife in the knife holder (B). 

The positioning of this knife is controlled by the knurled. screws (C) 

and (D) . The knife has two short sides and two long sides. One 

selects the proper point and places that side toward the specimen 

with the short end nearly vertical to the specimen pathway. When 

the knife is in place, the angle can be controlled by loosening the 

knurled screw (A) which allows the knife holder drum to rotate . The 

proper angle is 1-5° from the vertical. If the angle is greater than 

this~ chattering is often the result and, since this cannot always be 

noted during sectioning, will often result in loss of good areas 

detected only at microscopy. Digging and skipping with variance of 

section size may also result from this. If the angle is too small, 

or past the vertical , there ·will be skipping followed by thick 

sections . 

Brief mention must be made here of diamond knives . The author 

has not used these but plans to do so in the near future. He under

stands from others that the biggest advantage is that of time saving. 

The biggest disadvantages are those of multiple scratches on the 

knife, fragility of the knife, and compression of the sections. 

-45-



In preparing to section a block, the angle of the knife and 

the trimming of the block having been accomplished, the operator 

must bring the knife edge and specimen edge into close proximity. 

This is necessary in two dimensions. Fird the horizontal place-

ment of the knife in relation to the specimen may be accomplished 

by releasing the knife holder by lever (J) allowing it to be moved 

along a horizontal plane. Once this has been accomplished in line 

with the specimen the knife can be moved as close as possible by 

releasing lever (P). Further coarse adjustment can be made by turning 

knurled screw (M). These are best followed by watching the knife 

approach the specimen from the side. Following this contact can be 

made by turhing knurled screw (N). The screws (M) and (N) are operated 

with lever (L) released, which allows smooth advancement of the stage. 

The first thick sections can be cut by slowly advancing the knife 

with screw (N). When one finds himself within the tissue block it

self, he then can use the automatic fine advance mechanism by setting 

dial (S) to get the thickness desired. In association with dial (S) 

is lever (U). This resets the advance mechanism and should be re

leased each time one starts to section. 

To advance rapidly at the beginning of a specimen block, one 

can use the by-pass slide (X). With this the specimen will by-pass 

the knife for as many cycles as desired yielding a desired thickness 

of section. For example, if one sets advance dial at 19 (19/40 micron 

or approximately 1/2 micron) and then bypasses the cycle one~ on the 

second advancement, his section will be approximately 1 micron. This 

can also be used in obtaining thick sections for light microscopy 

screening. 
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The action of the cantilever arm as seen from the front is as 

shown in the following diagram. 

n~ 
Figure 5B 

The asterick indicates where the knife contact is made. This pre

vents scraping the knife on the way up and prevents wetting the 

tissue block which .-rould lead to knife contamination. If the speci

men block should become wet, one can touch a small piece of filter 

paper to the edge of the block surface and remove the fluid. 

As regards the thickness during sectioning, the Porter-Blum 

microtome advances on a mechanical basis. The dial setting control 

is more accurate on this machine that those controlled by thermal 

expansion. Even so, it too is somewhat f allible. The best way to 

know section thickness was suggested by Porter and Blum (1953). It 

was further studied by Peachey (1958). Data from Peachey 1s laboratory 

will be correlated with the settings on the advancement control dial 

of the P-B in the table shown in figure 6. The calculated listings 

are set forth along with the author's addition of angstrom units, 

millimicrons and the color scheme of Peachey (1958). In essence, each 

number on the dial represents the numerator with 40 as the denominator 

and micron as the unit. The sections approximate these figures, but 

the color scheme is most accurate. 
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THICKNESS CONTROL 
DIAL SETTING 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

MICRA 

1/4 

2/40 

3/40 

4/40 

5/40 

6/40 

7/40 

8/40 

9/40 

lq/40 

11/40 

12/40 

13/40 

14/40 

15/40 

16/40 

17/40 

18/40 

19/40 

COLOR 
MILLIMICRA SCHEME 

Gray 

60 
Silver 

90 

Gold 

150 ~ 
t Purple 

190 

1 Blue 

240 
Green 

280 

Yellow 

320 

Variable 

475 .> 

ANGSTROM 
UNITS 

250 

500 

750 

1000 

1250 

1500 

1750 

2000 

2250 

2500 

2750 

3000 

3250 

3500 

3750 

4000 

4250 

4500 

4750 

0.001 millimeter= 1 . 0 micron~ 1000.0 millimicra - 10, 000.0 
Angstrom units 

Legend 
This table shows the theoretical correlation of Angstrom 

units, micra, millimicra, thickness control dial setting on 
the Porter-Blum microtome, and color scheme of Peachey (1958). 
In practice the best correlation with section thickness is 
the color scheme. 

Figure 6 
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Ornstein (1956) made some very interesting observations con

cerning satisfactory sections . He states that there are three de

mands every useful section must satisfy: 

"A. It must be sufficiently transparent to be able to 

be viewed by transmitted electrons . 

B. It must be sufficiently limited in thickness to 

permit structural analysis in the other two di

mensions without confusion of structural overlap . 

C. It must be thin enough for the optical system to 

resolve the structure." 

He goes on to say that resolution is the main problem and gives formulae 

for its calculation. Based on his formulae he gives the maximum 

thicknesses in angstrom units , that the individual electron micro

scopes can resolve. 

RCA EMU - 2 

RCA long focus (6) 

RCA EMU - 3 

Philips EMl.00 (6 mm. bore) 

Philips EMlOO A&B 

Siemens ELMISKOP I 

200 

200 

200 & 800 

100 & 400 

300 & 1,200 

200 & 800 

The next step in the preparation of the future electron micro

graph is an all important one . This is the process of sectioning 

itself . In the initial process of sectioning , as soon as one has 

made contact with the block, the trough should be filled with a 

10%-40% acetone in water solution for flotation of the cut sections. 
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One mu.st then continue to cut thick sections until the desired level 

of the tissue block is reached. This can be checked by removing 

thick sections on a camel hair brush and placing on an albumin coated 

slide with a little acetone-water solution present. These can then 

be fixed with heat and stained for light microscopy or checked by 

phase-contrast microscopy without staining. 

For cutting the thin sections the operator must recognize the 

possible results of poor operation. Moore, et. a. (1956) wrote a 

fine article concerning the effects of the microtome knife. They 

state that the knife produces two main distortions: impact and com

pression. The impact of the knife blade on the block produces visi-

ble distortions of three varieties. "The first is that of vibration 

of the apparatus due to concussion of the impact; this is of long 

periodicity, a single period occupying a section. Second, is a 

wrinkling or rippling of short (30 mm.) periodicity (Williams & Kallman.) 

Last is a wave distortion of medium periodicity which is due to cut

ting of compression waves, coming from the initial moment of impact." 

The above are the various degrees of "chatter" so fluently discussed 

by Pease (1960). The compression is a grosser distortion caused by 

the pull of the knife; it causes flattening of the block as with soft 

paraffin. Another "distortion" is that of the scratches made by 

nicks in the knife or by a contaminated knife. 

To prevent the distortions above and to prevent contamination of 

the knife edge during sectioning, several observances of the sectioning 

itself must be considered. The beginner, especially , must recognize 
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that sectioning is not a rapid process. Nor can it be an irregular, 

non-attentive process. He must control the moving specimen with a 

smooth repetitious motion. Two speeds are usually involved. First 

is the moderately fast 11 upstroke11 as the specimen is returning to 

its top position. Second is the slow, smooth "downstroke" as the 

specimen is brought into contact with the knife edge. Cycling the 

microtome in this fashion, allowing the same amount of time for each 

part of the cycle, will give a relatively similar good section with 

each cycle. If the time interval from one 11 downstroke11 to another 

varies, the variables, such as thermal expansion, with each section 

will be marked and different, resulting in nonuniformity of sections. 

Too rapid sectioning is one of the main magnifiers of the "chatter" 

spoken about in the previous paragraph. The operator should be able 

to follow the specimen with his eyes as it approaches the knife edge. 

The control of the cycle, which must be reestablished each time 

the operator is forced to stop for a brief perio~ of time, is greatly 

influenced by the contact the operator has with the machine. I pre

fer to make contact with the handle of the operating wheel only during 

the process of sectioning. The manufacturers of our microtome recom

mend numerous, well distributed, points of contact on the operating 

wheel during sectioning which I cannot recommend. (See Figure 9) It 

should be emphasized that any vigorous gripping of the operating wheel 

or handle creats vibrations which are quickly transmitted to the 

sections as "chatter." Likewise an unsteady table or unnecessary con

tact with the machine or table during sectioning will also cause 

vibration. 
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I should like to close this chapter by quoting from Pease (1960) 

a list of common errors that may arise. He set this up as a check 

list when sections are not being successfully cut. 

11 1. Knife contamination. This is the most common difficulty, 

and the fingerprints which produce oily films are the 

worst offenders. Dirty towels, impure solvents, oily tools, 

contaminated containers, trough walls--all must be consi

dered. 

2. Block~~ lar@. The cutting forces deflect the 

3. 

h. 

knife edge with conseouent digging and skipping, and often 

wide variation in section thickness along with the skipping. 

Even thin sections are apt to be useless because of fine

order chatter. This is second only to contamination as the 

principal cause of failure. 

Knife tilted too far forward. This favors digging and sub-

sequent skipping. It is also apt to produce fine chatter 

which may not be apparent while sectioning is in progress, 

thus giving a false sense of security. 

Knife tilted too far backwards. There will be much skipping 

and occasional thick sections. 

5. Cutting_ speed too fast. This favors fine chatter which may 

not be anparent during the sectioning. Be sure you can fol

low the block with your eyes as it descends towards and 

across the knife. 

6. Unsteadz cutting. The microtome must be cycled rhythmically; 
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any interruption or break in this rhythm will require a 

period of readjustment before good uniform sectioning can 

begin again. 

7. ! light~- The microtome can be deformed enough to 

ruin quality sectioning simply by a finn grasp on the micro

tome handle . 

8. Meniscus . Too low a meniscus is apt to be the common fault. 

Back pressures may be created which will prevent the sections 

from flattening out on the fluid surface as they should. 

Too high a meniscus is apt to wet the bl ock face which in 

turn will carry fluid to the knife face, which may result 

in contamination. 

9. Vibrations. The microtome table should be steady. The 

operator should not t ouch the table with hands , elbows , 

or feet while sectioning . " 
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Plates 

Chapter V. 



Plate II. 

Figure 7. Special Specimen Holder used for Gross Training . 

· (G) Small knurled ring on chuck holder . 
(Collet- type specimen hold.er) . 

(H) Larger knurled ring f or adjusting chuck 
holder . 

(I) Special specimen holder of Porter-Blum. 
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Pl ate III . 

Figure 8. Porter- Blum Microtome. 

This is the microtome presently at use in our 
laboratory. See legend on photograph. 

Photograph from the Operation Manual for 
Porter- Blum Microtome . 
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A Knurled screw for ghss 
knife angle adjustment 

B Glass knife holder with posi
tive angle adju~tment 

C Knurled screw for tightening 
glass knife (F) in knife holder (B) 

D Knurled screw for glass knife 
width adjustment 

E Alumin um trough 

F Glass knife 

G Collet-type specimen 
holder 

H J$:nurled sCrew for adjusting 
posit ion of specimen holder (G) 

I Guide plate 

Lever for releasing glass 
knife holder 

K Upper suge 

L Lever for releasing upper 
stage 

M Knurled screw for coarse 
adj ustment of upper stage (K) 

N Knurled screw for fine adjust-
ment of upper stage (K) 

0 Lower st:ige 

P Lever fo r releasing stage assembly 

Q Operat,ng wheel with handle 

R Basi casting 

S Thickness control dial 

T Protective meul hood 

U Lever for resetting advance 
mechanism after travel forward 
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I H 0 

P1t•nd•d and 
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V Bracket for microscope 
linkage assembly 
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M p 

X By-pass slide 
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Figure 9. 

Plate IV . 

Porter-BlUJ"J I'-!icrotome with Binocular Microscope 
attachment (BM) . 
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ACT OF SECTIONING - After the trough has bHn added to the 911111 knif•, and tht knife positioned 
for propu contact with !h• specimen, sect!oni�g can �• sti1rted. The force to mov■ the operating wheel 
is •pplied at several points, end fhe rotation 1s rythm1c. 
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Figure 10. 

Plate v. 

Glass Knife Defects . 
1960). 

(Photograph from Pease, 
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VI. 

STAINING-SPECIMEN CARJUERS-SPECIMEN MOUNTING 

The first portion of this chapter concerns itself with staining 

of mounted specimens. The author feels this field still leaves much 

to be desired. Many experiments by numerous investigators have 

yielded a minimum of good, reproducible results. The future electron 

microscopist should keep an alert vigil of the current literature for 

new successful techniques. For the present three procedural methods 

will be given and others, with reference, mentioned. 

The first method is that used to stain with KMn04. This sub

stance was mentioned in connection with fixation in chapter III. 

It stains lipoprotein complexes causing an increase in electron den

sity. The method used in this laboratory adapted from Lawn, 1960, is 

as follows: 

Stain: Dissolve l gm. of KMn04 in 100 ml. distilled water. 

Do not filter. Allow to stand at least 24 hours be-

fore use. 

Procedure: 

1. Fill a small vessel with staining solution removed. 

with a pipette from beneath the surface film in the 

stock bottle. 

2. Sweep the surface of the staining solution with the 

edge of a glass slide coated with paraffin wax. 

3. Float thin sections (without removal of the resin), 

already mounted, section side down on the surface of 
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the staining solution, immediately after the surface 

has been cleaned. Stain for 10 minutes to 2 hours. 

(10-20 minutes usually sufficient) 

4. Rinse in running water (distilled.) for a few seconds. 

5. Immerse and agitate in a solution of 1 drop of 5% 

citric acid in 1 ml. distilled water for 30 seconds 

to 1 minute. 

6. Rinse in distilled water. 

7 . Dry on filter paper. 

(Time of staining varies with fixation) 

A second method, staining with phosphotungstic acid, adapted 

from Hall, et. al ., (19h5), is shown in the following procedure: 

1. Float mounted sections face down on a 25% alcoholic 

solution of phosphotungstic acid for 10-15 minutes. 

2. Remo~e and wash in distilled water. 

3. Dry on filter paper. 

The third method mentioned is that of Dalton & Ziegel, 1960. 

This is lead acetate staining. The procedure is as follows. 

1. Place small amount of saturated Pb acetate solution on 

a clean slide. 

2. Place mounted. sections face down on this solution for 

10-15 minutes. 

3. Remove and dry by placing face up on filter paper. 

h. Hold over a 5% (or greater) solution of ammonium hy

droxide for 5 to 10 seconds. 

-55-



In addition to the above stains, Watson (1958) suggests the use 

of other heavy metals in staining. An excellent article on staining 

of methacrylate embedded. tissue was written by Houck and Dempsey (195h). 

The stains listed above are those proven to be most adaptable at the 

present time. More techniques are being tried throughout the country 

and will surely be available in the near future. It is hoped that 

until then, these will satisfy the various needs. 

There are two general types of specimen carriers, the round mesh 

grids and the grids with a rectangular hole in the middle. It is 

probably best to start with the mesh grids which range from 200-500 

mesh, copper (C) or nickle (N). (Figure 11) There is a convex and a 

concave side which should be identified before coating with a film. 

The only disadvantage of these grids as compared to the others is 

that of seeing all areas of specimen. It invariably happens that 

the part of a specimen that is of most interest is behind the bar of 

the grid. 

The second type specimen carrier has a larger rectangular hole 

in the middle. (Figure llP) This is a Philips specimen carrier and 

has a shiny and a dull side. This carrier is said to cause undue 

difficulty in picking up a specimen over the proner space. This is 

not a problem after one has some practice, and the advantage of the 

large viewing area far outweighs any disadvantage that might be pre

sent at the beginning. 

The next concern is the preparation of grids. The method most 

used in this laboratory is that of formvar coating, and more recently, 
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stabilization of these grids with a carbon film . 

The most important aspects of a film coating are: 1. A suf

ficiently thin coating to allow good contrast of the specimen itself. 

2. Strength sufficient to give good support to the specimen itself. 

3. Stability sufficient to prevent drift of the specimen during elec

tron bombardment . 4. A coating free from contamination so that 

important structures will not be obscured. 

The formvar we use satisfies all but the stability requirement. 

It allows drifting of the specimen making it, used alone, less 

satisfactory. 

The procedure is: 

1 . Fill a glass container with water and sweep the surface 

clean with lens tissue just before use. 

2 . Dip a clean side into 0 .1% Formvar solution in ethylene 

dichloride and put out and allow to drain and dry slowly. 

3. Score film at the end of the slide and along the sides where 

it is to separate from the slide. Hold slide in front of 

mouth and frost it by blowing. 

4. Insert under the surface of the water at an angle, varying 

with the method the operator is accustomed to. Most use 

300; others claim one can dip slide in vertically and get 

two films at once . Watch for the film to separate, with only 

the thicker end being visible as a grayish membrane. The 

thin end should be visible only at the sides. 

S. If the membrane appears to be too thick, hold slide in 
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ethylene dichloride vapor for 10-20 seconds before drying 

the next formvar film. 

6. Pick up single grids from the box. If it is the mesh type 

place the convex surface down onto the film. If it is the 

Philips type, place the shiny side down on the film. 

7. Place the grids with some space between them avoiding the 

extreme edges and the far end of the film. 

8. Use no more than the thinnest one-third of the film. 

9. Using a dry slide, pick up the grids by bringing the slide 

down in a horizontal position onto the grids and immersing 

grids and film into the water. Then turn the slide to the 

side and upwards ~o that the grid surface is on top when one 

emerges from the water. The grids will now have a thin coat

ing of formvar on their convex or shiny side. 

10. Dry the grids in the bottom of a petri dish covered by filter 

paper. When they are dried, place them in a covered petri 

dish with filter paper on the bottom. 

11. If one is not sure that the grids are properly covered, it 

is best to discard them and try again. Much time can be lost 

if poorly covered grids are used. 

Parlodion films are made in much the same manner here using a 

0.5-1.0% solution in amyl acetate. Some feel that the parlodion film 

is easier to make. The rest of the procedure is essentially the same. 

For carbon stabilization one uses a vacuum machine in which car

bon evvporation is produced . Two small-tipped carbon rods are held 
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against one another and a current of high amperage and low voltage 

is passed through the system. This causes evaporation of carbon 

onto the grids creating a fine carbon film over the parlodion or 

formvar film. This serves to stabilize and increase support of the 

film. This prevents drift, the most important advantage of this 

procedure. It does decrease contrast, but not sufficiently to create 

a distinct disadvantage if properly controlled. For details of 

running the carbon evaporation machine, the reader is referred to the 

operating manual sent with the machine by each company. 

Carbon coating by itself can be used and is accomplished in the 

same way with a somewhat thicker layer of carbon applied. It is also 

possible to dissolve out the previously described parlodion or formvar 

films with the appropriate solvent. This leaves a single layer of 

carbon film. 

Dr. V. L. van Breemen (personal communication) has constructed 

an apparatus which allows several slides of grids to be coated at 

once. This is a half-moon shaped metal apparatus with holders on the 

inside for the slides. This fits in the vacuum evaporator with the 

carbon rods at the mid-point of the diameter of this semi-circle, and 

the slides, with grids, each equidistant from the center. This adds 

greatly to the efficiency of this process. 

Now that the grids have been properly prepared and the staining 

procedures have been given, it seems appropriate that the mounting 

of the specimen be discussed. 

Follovd.ng cutting of the specimen, the sections float on the 
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acetone-water solution in the trough. Those that are of no use may 

be removed with a small camel-hair brush and discarded by lightly 

rubbing sections off the brush and onto clean filter paper. According 

to Peachey & Satir, (1958), as the sections float out onto the ace

tone-H20 bath, they are 30-50% compressed. If left alone, these sec

tions will reexpand 1/h of that compression. Heat will increase 

this return toward original size, but also has a thermal effect on 

the microtome. Xylol fumes will return these sections to 85-90% of 

normal. There is a danger of overexpansion if the xylol is held 

too close t o the section or for too long. A glass or wooden rod 

dipped in Xylol and then waved slowly across the sections floating 

in the trough, is very effective. 

When good sections are ready for mounting, one should pick up 

the grid on one end with a pair of fine forceps. (Figure 12C) Enter 

the trough solution and, with the aid of the binocular microscope, 

slowly advance the grid under the desired sections, slightly "over

shooting" the area wanted. Ranidly bring the grid straight up and 

out of the solution. Due to surface tension factors, the section 

will slide forward a small distance and will settle itself precisely 

in the location one had desired. One can use this for both the 

Philips and mesh type grids, and I have encountered very little diffi

culty with the former. One should check with a light microscope to 

make sure he has the specimen in place in the doubtful ones. 

The grids are then dried by placing on filter paper and in 10-15 

minutes are ready to use. If they are not used inrrnediately, they can 
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be stored in a covered petri dish with filter paper on the bottom. 

A special holder, constructed by the author , is shown in figure 12-A. 

With this, one has numbered rectangular slots in which the grids can 

be stored with proper identification. The long area at the edge is 

an area where the grids may be dried and transported, if immediate 

viewing is anticipated. This holder was constructed from plastic. 

The lid prevents contamination and the holder is a convenient way 

of storing and transporting mounted specimens . 

It is evident that technique of preparation of specimens for 

the electron microscope is no small undertaking. Perfection is pos

sible only after much practice. These chapters are far from complete, 

but the author hopes that these will serve as a guide to those in

terested in preparing specimens for electron microscopy. He also 

hopes, that in the not too distant future, these chapters can be ex

panded and revised into an even more useful tool for many. Next--to 

microscopy itself. 
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Plates 

Chapter VI. 



Plate VI. 

Figure 11 . Specimen Carriers (Hold~rs or Grids) . 

(C) Copper mesh specimen carrier . 

(P) Philips' specimen cijrrier. 

(N) Nickel mesh specimen carrier. 

(Fagnification 3X) 
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Plate VII . 

Fie;ure 12 . Special Adaptations for Electron :tc~icroscopy. 

(A) A special specimen transportation and 
storage holder . 

(B) Knife with trough held by special knife 
holder originally designed to allow 
viewing of knife edge . No longer in use 
at this laboretory . 

(C) Fine , well-constructed forceps used for 
controlled transfer of grids . 

(A & B constructed at this laboratory) . 
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VII. 

THE ELECTRON MICROSCOPE 

Since the invention of the compound microscope by Zaccharias 

Jansen in Holland and Galileo in Italy simultaneously in 1609, there 

have been multiple names associated with microscopy. (Zinser, 1960) 

Hooke, 1663, and van Leeuwenhoek , 1673, are names familiar to all. In 

1854, Jabez Hogg, an eminent London ophthalmic surgeon, stated that 

he foresaw the general acceptance of the microscope as an indispen

sable tool of medicine. The "Microscopical Society of London" was 

fanned in 1839, and was the coordinating center of the great de

velopment of the microscope in the 19th century. J . J . Lister in 1860 

first combined the objective and the ocular in a microscope, but it 

was not useful at high power . Carl Zeiss, a microscope maker, in 1866 

employed the mathematician Ernst Abbe . The latter made about the 

last major step in light microscopy by constructing new perfectly 

designed 11Apochromats'~ This made the fundamental laws of nature, 

rather than shortcomings in design, the limiting factor in the re

solving power of microscopes. (Jansen, 1960) 

Due to the wave length of light, the best resolving power with 

a light microscope is 1000 Ao. The wave length of light could not 

be reduced. Ultra violet radiation was awkward to use . Radiowaves 

were not useful because their lengths were tens of thousands of times 

as long as those of light . X-ray wave length was short enough, but 

no realization of their control was then known and their destructive 

action on the minute structures and organisms was too well known. 
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In 192u, de Broglie formulated the hypothesis, which was later 

proven, that a beam of electrons should under certain circumstances 

be considered as radiation with the character of waves. This created 

interest because an II optical" system for electron rays was a practi

cal possibility. (Jansen, 1960) 

It was found that the wave length of electron beams was small 

enough to promise a considerable advantage over light if a micro

scope could be constructed on the basis of the use of electrons as 

the medium for image formation. About 1930, Knoll and Rushka, in 

Germany, prooosed to build such a microscope and oroceeded to do so 

with overwhelming success . We thus had a machine capable of very 

fine definition by employing rather small angles of aperture and a 

very small wave length. The early fears of destruction and distor

tion of tissue by vacuum and electron bombardment did not prove to 

be problems . Multiple improvements have occurred since that time and 

shall continue to occur. Today we have several companies making 

Electron microscopes. Those most in use in the United States today 

are the RCA, the Siemens, and the Philips microscopes . The Siemens 

and the Philips EM 200, are capable of a r esolving power of 5-10 A0 , 

almost 200 X that of the ordinary light microscope . This yields 

magnifications in the neighborhood of 200,000 diameter at the screen. 

In our laboratory we have an EM 100 B which is capable of 15-20 A0 

resolution and 100,000 diameter magnification at the screen, with 

photographic enlargement up to 200,000 to 250,000 diameters. The 

scientists of this century are, indeed, greatly indebted to those 
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before us who have provided us with such magnificent tools to 

explore the macromolecular universe. 
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VIII. 

PRACTICAL THEORY 
OF 

THE ELECTRON MICROSCOPE 

The electron microscope is an enormous maze of wires, tubes, 

pumps, and adjustments. Its complete explanation is far beyond the 

scope of this book and falls in the realm of the electrical engineers 

who service the machine. Therefore, I will attempt only to give a 

basic theoretical background in this chapter. 

The first consideration is to understand the superficial me

chanics of an electrical lens system. In order to do this, we must 

first somewhat understand the principle of the electrical magnetic 

lens (Ll-15) and then apply this to the governing of electron beams 

from the electron gun (C). (See Figures 13 & 14) 

The electro magnetic lens (a. without and b. with pole pieces) 

creates around it a magnetic field indicated by the magnetic lines of 

force (F). The lens itself is a coil of wire enclosed in an iron 

jacket. (S) is the slit in the magnetic circuit and (P) the pole 

pieces. The object is at (V), the image is at (B). The general prin

ciple is that the electron beam is altered in direction depending on 

the speed, direction and size of the electron as influenced by the 

magnetic lines in the magnetic field. The function of the pole pieces, 

as can be seen by figure 13 is to change the focal length. In (a.) it 

may be several centimeters, while in (b.), a few millimeters. These 

lenses control the trajectory pathways of the electron beam. 
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When one correla.tes these into the vacuum system of an electron 

microscope, figure 14 helps explain what hanpens. This is a cross

sectional view of the Philips EM 100 B. This magnetic electron mi

croscope is built by the Philips concern in Holland after a model 

developed by Le Poole. The column is almost horizontal, and the 

large fluorescent screen is weJ.l situated for convenient viewing. 

The essential parts consist of: 

11 
12 
13 
14 
LS 
C 
s 
Top 
Arrow 

condenser lens 
objective 
diffraction lens 
intermediate lens 
projector 
the electron gun 
fluorescent screen 
indicates specimen &[direction 

By the use of the four magnifying lenses (12-15)~ a very large 

range of magnification can be covered, and diffraction patterns of 

crystalline specimens can be focused at the final screen while the 

object is in the usual position for microscopy. As shown in the 

first diagram, with lenses 12, L4 and L5 magnifying in series (i.e. 

with the diffraction lens not energized), a situation with a high 

magnification range can be covered (4000 - 60,000 X at the screen). 

I n the middle diagram the intermediate lens (14) is off and with the 

diffraction lens (13 - a weak lens of l arge bore) demagnifying the 

image from the objective (12), the low range from lOOOX to 4000X can 

be covered. As sho~m in the 3rd diagram, the lenses 12, 13 and L5 

can also be activated to focus diffraction patterns of the specimen 

on the final screen. The beam potential may be set at 40, 60, 80, 

and 100 KV. 
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Unlike the objective in most magnetic instruments, the objective 

lens (12) has a large gap and bore diameter, both of which dimensions 

are about 10 mm. Consequently, machining tolerances and inhomogenities 

in the iron are likely to produce less distortion of the field near 

the axis than is the case when these dimensions are small. In order 

to achieve the relatively short focal length of about 4.5 mm. with a 

field of such a large axial extent, the object is situated well in

side the field between the faces of the pole pieces, which permits 

a position of relatively simple specimen-insertion mechanism. The 

specimen is mounted on a rod and inserted with a straight thrust 

through rubber seals into the magnetic gap. The amount of air taken 

in with a specimen is so small that reevacuation of the tube reauires 

only about 20 seconds. Similarly, objective apertures of several 

sizes ride on a rod in the gap of the ob jective, where they can be 

aligned or exchanged while the instrument is in operation and easily 

withdrawn from the instrument for cleaning or replacement. A dis

advantage of this type of construction is that the lenses cannot be 

compensated to allow for field asymmetries, although the possibilities 

of these occurring should be less with the large bore. The lens 

assembly is rigidly constructed without alignment screws accessible 

to the operator since it is assumed that the alignment made in manu

facture and installation is adequate. 

An interesting device first introduced. by Le Poole as an aid to 

focusing is situated above the objective lens. The beam passes through 

the fields from two sets of magnetic-deflection coils set in opposite 
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polarity. When the coils are energized, the beam is deflected away 

from the axis by the first coils and back with the second so that 

the illuminating pencil stri~es the object in the same place , but 

at an angle to the axis. In normal operation the coils are off, 

but as an aid to focusing, they carry current at SO cps., causing 

the inclination of the beam to vary between extremes. When the ob

jective is focused on either side of the specimen plane, the image 

oscillates on the final screen. In effect, the device increases the 

relative aperture of illumination, which results in a greater blurring 

of the image with defocusin~ (the wobbler system). Thus, if the image 

is too faint or cannot be seen clearly for other reasons, it is still 

easily possible to set the objective-current control at the point for 

least image sweep. 

Micrographs are recorded on 35 mm. film with the camera placed 

close to the final projection lens. As many as 20 exposures can be 

recorded on one strip, but the magnification of the recorded image 

is only about one fourth (1:3.5) that on the final screen. To record 

rnicrographs at 15,000X, for example, reouires a 60,ooox on the 

screen, at which magnification the intensity is too low for satis

factory observation. The 35 mm. roll film is used for scanning. A 

plate camera mounted on front allows better resolution at high powers. 

The outgassing of film takes an inordinately long time that may, how

ever, be reduced by prepumping for long periods in an auxilliary 

vacuum chamber. 

While the instrument is in operation, the diffusion-pump system, 

consisting of an oil pump and a mercury pump in series, works into a 
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buffer tank with the mechanical pump off to reduce vibr ation. The 

power consumption is 2.5 to 3 kw. Although the input circuits are 

designed to connect to a type of three-phase, four-wire line not 

common in this country, conversion transformers are available for 

operation from conventional three-phase 220-volt lines such as we 

use in Nebraska. Water requirements for cooling the lenses, mercury 

pump, and oil-diffusion pump are 2.5 qt/min at 20 psi oressure and 

a temperature not in excess of 60° F. (Hall, 1953 and Jansen, 1960) 

So much for the theoretical aspects of the electron microscope. 
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Figure 13. 

Plate VIII . 

Electro-Magnetic Lens . 
Jansen , P. C. 1960) . 

(Photograph from 

(a) Electro-magnetic lens without pole 
pieces . 

(b) Electro-m~gnetic lens with pole pieces. 

(F) Magnetic lines of force. 

(S) Slit in the magnetic circuit . 

(P) The pole area . 

(V) Object . 

(B) Image . 
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Plate IX . 

Fieure 14. Cross- section Schematic Representation of 
Electron Paths in the Philips Electron 
Microscope . 

(11) Condenser lens . 

(12) Objective . 

(13) Diffraction lens . 

(14) Intermediate lens . 

(LS) Projector . 

(C-) Electron gun. 

(S) Fluorescent screen. 

(Top Arrow) Indicates specimen and 
direction. 

____,, 
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IX. 

OPERATION OF THE PHILIPS ELECTRON MICROSCOPE-lOOB 
------- -

It is obvious that the many problems that arise during the opera

tion of this machine cannot be handled on paper; but, rather, can be 

worked out by the individual as he gains experience. The basic opera

tion of the microscope and a few of the associated problems will be 

superficially discussed. The reader is referred to the operation 

manual printed by the Philips Electronics Company for a better under

standing of its intricate operative mechanisms. 

Before reading the following instructions the reader should fam

iliarize himself with the parts of the machine. This can be accom

plished by turning to the l ast few pages of the chapter and corre

lating the legend and the photographs. (Figures 15-17) 

Putting the machine into operation requires following rigidly a 

specific technique. The rear nap and the covering plates of the 

microscope tube should be closed. Knob (W3) of the valve box should 

be in neutral position with the high tension switch (Wl) at 80 K.V. 

Turn the condenser-lens current lmob (R617) toward the front of the 

machine as far as it will turn decreasing the current to its minimum. 

Likewise, the filament-adjustment knob (R601) should be turned toward 

the operator as far as possible (press and turn) to keep heater 

current at its minimum. The camera should be in place with the cover 

(KlO) closed and there, theoretically, should be no specimen holder 

(Kl2) in place. Practically, this latter requirement is often over

looked without serious results. By turning knob (K6) clockwise until 
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it "clicks" the camera is placed out of the field of the electron 

beam. By turning knob (K9) away from himself as far as possible, the 

c,perator places the small objective aperture in the beam. Knobs (K7a) 

and (K8a) adjust the diffraction diaphragms and should be adjusted so 

that they are not in the beam pathway. 

After the above settings have been checked, one can open the 

tap-water cock sufficiently to energize the water switch as indicated 

by a clicking of the microsw.itch. Switch on the master mains switch. 

This will be followed by the lighting of tube (L7) and, the co?Te

lated vacuum meter (M2) will be in the red, both of which indicate 

the degree of vacutnn. At this position insufficient vacuum is pre

sent. Later in the operation the vacuum indicating tube (17) will be 

nearly extinguished and the vacuum meter (M2) will show the pointer 

in the green part of the scale. This means that the space to which 

the "Penningtl vacuum gauge mechanism is connected, has reached a 

deep vacuum. 

Next press push-button (D2) which turns on the lens currents and 

begin vacuum production. This is accomplished in several steps. 

1. Turn knob �j into position "half." This evacuates the

connection between the pre-vacuum pump and the valve-box.

2. In approximately 10 seconds tum knob (W3) to position "2"

via position "l." The buffer tank is now evacuated. Leave

the knob in this position until the valve in the pre-vacuum

pump makes a sharp chattering noise.

(During the several pumping stages the va�ve, which is

situated in the pump, makes a characteristic sound.. If

•
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the sound is of a high, dry pitch, the s-pace, which is 

connected with the pump is well evacuated.) 

J. Turn knob (WJ) back to position "l". The tube is now evac-

01•t-ed. Leave the knob in this position until the valve in

the prevacuum punrp starts chattering sharply again •.

(If the sharp chattering noise of the valve in positions

11111 and 112 11 are not the same there is probably a leak in the 

pump unit or in the microscope column, which must be elimi

nated first.) 

4. When the vacuum indicating tube CL 7J and the vacuum meter (M2)

are nearly extinguished and in the green respectively, the

high vacuum pumps are operating properly and knob (W3) may

be turned to position 11 .3". This includes the microscope

tube in the vacuum system thus depleting the vacuum and (L 7)

and (M2) will immediately indicate this.

5. When the vacuum is shown again to be sufficient by (L 7) and

(M2) the knob (W.3) is turned to position 11411 taking the pre

vacuum pump out of the system and this is shut off.

"It is of the utmost importance to keep strictly to the order

in which the foregoing manipulations are given, because if

the microscope tube is not properly pre-evacuated. before

the high-vacuum pumps are started up, these may be thrown out

of order and the apparatus will have to be stopped for some

length of time to give the pumps an opportunity to be regene

rated. There is also the risk of oil vapour getting into the
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microscope tube, condensing inside it and setting up static 

charges interfering with the picture; the oil can only be 

removed after dismantling the microscope tube." (Philips 

Electronics Operation Manual) 

When a sufficiently high vacuum in the microscope column is 

reached, as is indicated by the lighting of 1/2 of tube (L7) and by 

the meter (M2) pointer in the green, the high tension may be switched. 

on by pressing button(D-,'l This lights up the indicator lamp (L604). 

Now increase the heating voltage by turning knob (R601) away from 

the front of the 'machine after depressing it. This increases the 

emission current of the microscope column adjusting this to 20uA 

as indicated on meter (ML.). By the use of knobs {W2) and {R6?3) ad

just magnification to approximately 3
.,
000 X. A light will now appear 

on the screen. If it does not, one should readjust the currents of 

the defiecting system via knobs (R612) and (R613) in such a way that 

light does a�pear on the screen. (Note: R612 and R613 usually need 

only a small amount of turning.) 

Turn the condenser lens knob (R617) away from the front of the 

machine so that maximum light appears on the screen. Again knobs 

(Jl612) and. (R613) may necessarily be used to keep light on the screen. 

Increase the heating current via knob (R601) until the meter (Ml) moves 

to the position of the. first arrow. The microscope is now ready for 

use. 

The placing of the specimen in the tube is next on the agenda. 

If this has already been done, these instructions will still serve 

each time a change is made. It is obvious that, first, one must put 
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the specimen carrier into its specimen holder. (Figure 17) To do 

this when using the Philips specimen carrier (9} one presses cam 

(7) on specimen holder (B), and moves it into the direction of the

lmob. With the aid of the tweezers the specimen carrier (9), with 

the shiny side (specimen side) up, is placed in the slit of the holder 

and cam (7) is allowed to jump back into its original position. If 

one is using a copper or nickel mesh grid (2) loosen screw (4), on 

specimen holder (A), one or two turns and slide spring (C) outwards 

with a slight lifting motion. Then place grid (2) convex (speci-

men) side up, over the opening in the holder. Return spring to ori

ginal position and tighten screw (4). 

Before placing specimen in the microscope, be sure that the high 
--
---

tension is off by pressing button (Dh). Turn knobs (R601) and (R617) 

maximally toward the front of the machine, adjusting heater current 

and condenser lens to a minimum. 

Then place the specimen holder in the microscope tube with 

Pin (6) sliding into the anterior acceptance groove. A small amount 

of air •1-1ill enter into the tube when the specimen holder is inserted. 

resulting in a temporary insufficiency of the vacuum. Tube (t?) and 

meter (M-2) will show this. After approximately 20 seconds the vacuum 

will have regained. its original value and operation can be resumed.. 

Now switch on the high tension by pressing lmob (R601) and turning 

away from the front of the machine so that (M4) reads up to 20uA, set 

the magnification at approximately 4,000X with the aid of the meter MJ, 

knobs (R623) and (W2), and the magnification scale in the operators 

manual. If the screen does not light up the specimen is probably not 
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in the electron beam and can be returned to proper position by the 

use of knobs (Kl) and (K2). Increase the filament current by 

knob (R601) to the first arrow on the meter (:m.), and then by mani

pulation of knobs (W2) and (R62.3) and
., 

according to the operator's 

wishes
., 

set the magnification required. 

Focus as much as possible with the aid of the objective lens 

(knob R640). For fine focus combine the objective (R6401and. R641) 

and the wobbler system. The latter is controlled by a floor button 

which is held depressed while focusing is perfected with the aid of 

knob (R640) and a binocular microscope. If another K.V. is selected
.,

refocusing will be necessary. This gives one a fonned image. 

During the use of the microscope a combination of various mani

pulations will be necessary to obtain the proper field
., 

magnification, 

focus and contrast. These ·include the use of knobs (W2) and (R623) 

for magnification
., 

(Kl) ., (K2) and a floor button (the scanning de� 

vice, allowing greater area to be seen) for scanning tissue, n the 

condenser current knob (R617) to vary illumination and contrast. 

The different size·of the objective diaphragm as governed by knob (K9) 

will be used for finer detail and better contrast in taking pictures. 

Following the previous process of focus and adjustment, during 

which the proper specimen area., focus ., and magnification have been 

obtained, one is ready to take electron mierographs. These are, of 

course ., 
taken with the objective diaphragm engaged. This is accomp

lished by turning knob (K9) toward the back of the machine as far as 

possible. Caution: when turning this knob toward the front of 

the machine
., 

do not turn farther than is necessary 
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to cause complete illumination of the screen, as it can be screwed 

out far enough to allow an inrush of air, ruining the vacuum and con

taminating the machine. 

To indicate the distance of a micron on the photograph or the 

screen, move, via knob (K5) the movable wire to the proper number of 

the scale on the screen. 

cation divided by 1,000. 

number JO.) 

This is correlated with the known magnifi

(e.g. For magnification 30,000 use scale 

Next one should determine the exposure time which is dependent 

on the adjustment of the condenser lens, on the magnification, on the 

film used. and on the film developing method. This obviously is dif

ferent in each laboratory and the particular method should be learned 

as indicated. 

To bring the camera into the beam, turn knob (K6) fully in the 

direction toward the front of the microscope after pressing button 

(KJ..7) which hold� the camera in place out of position. The shutter 

of the camera is operated by knob (K4). This knob should be brought 

quickly forward for the proper exposure time and then quickly returned 

to the other position. If this is -not done with a rapid motion, parts 

of the film will be less exposed than others. 

The camera is then returned to its original position by turning 

lmob (K6) away fran the front of the microscope until button (Kl 7) 

clicks in stop position. It is significant to note that the magnifi

cation at the film is about 1/4 that of the magnification at the 

screen, but photographic enlargement can compensate for this. (A-ctual 
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ratio equals 1:3.$). The front plate camera has only recently been 

put into use at our laboratory. I am not familiar with the intricate 

mechanisms of the front plate camera, but recognize its distinct 

advantage at high resolution and will soon become so, as should the 

reader. 

Logically, here should be inserted a small section concerning 

the vacuum during operation of the microscope. As successive speci

mens are exchanged, small amounts of air enter the microscope column 

causing depletion of the vacuum in the buffer tank. Correspondingly, 

the deep vacuum will be lost, as indicated by tube (L7) and meter 

(M2) • If the vacuum in the buff er tank bee anes very low, t e red 

lamp (1605) will start burning. (This also indicates problems in 

the cooling system.) 

n3.1n 
2 • 

To re-evacuate the tank, turn knob (W3) from position "h" to 

This will switch on the prevacuum pump. This will usually 

begin with a muddy sound rather than a sharp chattering one. The 

latter, however, will appear in about 30 seconds and following this 

(W3) should be turned to position "3". 

IMPORTP. NT: 

"If knob (WJ) is turned straight fran position 11 411 to 
position "3", the air contained in the pipe connecting 
the pre-vacuum pump to the valve box will flow into the 
buffer tank and the high-vacuum pump. The result is a 
throwing out of order of the high-vacuum pumps." 
(Philips Electronics Operation Manual) 

When the pre-vacuum pump starts to chatter sharply, knob (W3) can 

be turned to position "4". 
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When the microscope is to be put out of operation the knob (WJ) 

is turned clockwise from position "4" to position non. The master 

mains switch is then turned off. Allowing 30 minutes for the vacuum 

unit to cool with the water running through it, one may then turn 

off the water. A fan may accelerate this latter step. 

These are the basic steps in operating the Philips EM lOOB. 

The student should familiarize him.self with the various knobs and 

meters on the machine. He should then thoroughly study the plan of 

operation. With an experienced. worker, he should observe and even

tually "solo" through the technique under observation. Before operat

·\i.ng; the maching without observation, the student should have ob

served a sufficient amount of time to be familiar with the many pro'b

Tems that can occur during operation and the plan of "trouble 

shooting" when they d.o. 
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Plates 

ehapter IX 



Plates x, n, XII. 

Figures 15-17. Several Views of the Philips Electron 
Microscope lOOB. (Photographs from 
Philips' Electronic 14..anu.al). 

(Dl) 
(D2) 
(
D
J) 

(D4) 
(D5) 
(Kl

t 
K2)

(K3J 

(I4) 
(K5) 
(K6) 

(K7a,K7b
K8a,K8b) 

(K9) 
(no) 

(JP.2) 
(tl.3) 

(Kl4) 

(KJ.7) 
(n9) 
(K20) 
(L7) 
(L601) 
(1604) 

(L6o5) 

(Ml) 

(M2) 
(M3) 

Push-button for switching off the lenses. 
Push-button for switching on the lenses. 
Foot-switch for switching on the focusing system 
(Wobbler). 
Push-button for switching off the high tension. 
Push-button for switching on the high tenfti.on. 
Knobs by which the specimen can be moved. 
Lock for locking the covers of the microscope 
tube. 
Knobs by whic h the camera shutter is controlled.. 
Knobs for adjecting the micron-marker. 
Knobs by which the camera can be moved into 
the electron beam. 
Knobs by which the plntes of the diffraction
diaphragms can be adjusted. 
Knob for selecting the objective-diaphragm. 
Cover of the camera-opening of the microscope 
tube. 
Specimen-hold.er. 
Crank handle by which the microscope tube can 
be moved upwards. 
Knob for controlling the air inlet valve of the 
microscope column. 
Stop of camera knob K6. 
Lock of the rear-nap. 
Knob for setting the Stigmator. 
Indication lamp for contro l of the high vacuum. 
Exposure meter. 
White signal-lamp; when burning it indicates 
that the high tension u switched on. 
Red signal lamp; when it burns it indicates that 
the apparatus is not ready for use for one of 
the following reasons: 
a. an insufficient quantity of water flows

through the cooling system.
b. the vacuum in the buffer tank is insufficient.
Meter by which the filament voltage of the
microscope tube can be checked.
Vacuum indication meter.
Magnification meter. This meter is used in
combination with the magnification scales. See

also under W2.
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(M4) 
(R601) 

(R606) 

(R607) 

(R612) 
(R61.3) 
(R6l 7) 
(P.623) 
(IZ631) 

(R6Lo) 
(R6hl) 

(Wl) 
(W2) 

Meter indicating the emission-current. 
Control for adjusting the filament current of the 
microscope tube. 
Knob for adjusting the current through both focusing 
coils. 
Knob for adjusting the total current through the 
focusing coils. 
Knobs of the deflection system, for aligning the 
electron-beam. 
Knob for adjusting the condenser lens current. 
Fine regulating knob for adjusting the magnification. 
Knob for adjusting the zero point of the magnifica
tion meter. This can be found under the meter-panel 
on the left-hand side. 
Regulating knob for focusing the image (objective lens). 
Knob for extra fine adjustment of the objective lens 
current. 
High tension switch. 
Knob for ·coarse regulation of the magnification. The 
foll'owing magnification ranges can be selected with 
the aid of this knob. 
a. When the objective lens is equipped with the

pole shoes for a high resolving power (bore 1.8 mm.
dia.)

Position W2 Lens switched ► Magnification
on on large screen

1 (extreme posi- diffraction lens )
tion to the ) 0 - 8750X
right) )

2 diffraction lens )

4. intermediate lens sooox - 90.ooox 

In position J only the objective lens and the pro
jector 1 ns detennine the magnification. The inter
mediate lens and the diffraction lens are switched 
off. This position is particularly used for aligning 
the tube. The meter (MJ) then indicates no magnifi
cation. 

b. When the apparatus is suitable for diffraction.
(In that case the objective lens is equipped with
pole shoes with a large bore, i.e. 5 mm. dia.)
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(W3) 
(W4) 
(W6, Z32) 

Position W2 Lens switched Magnification 
nn 

1 diffraction lens ) 
) 0 - 3500X 

2 diffraction lemi ) 

4 intermediate lens 3hOOX - 35 .000X 

See point~ for position J. 
Control of the valve box. 
Switch for switching on the illumination of the meter panel. 
Svritch by meanf of which the high tension cAn be adjusted 
to half value. This switch is only used for aligning the 
tube (in combinRtion with R65l.i). 
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x. 

AN APPLICATION TO RESEAECH 

I should like to present a very brief summary of my recent work 

on the red pulp of the mammalian spleen. This work was done in par

tial fulfillment of an M.S. degree in Anatomy and publication in the 

not too distant future is anticipated. The reason for including this 

here is to illustrate the usefulness of the electron microscope in 

selected problems. 

The argument concerning the 11 open" and II closed" intermediary 

circulation of the spleen has progressed through varying ueriods since 

it was first studied by Malphigi in 1686. (Bjorkman, 1947) The more 

recent important contributions have been by: Knisley (1936), Mac

Kenzie (1941), Snook (1944, 1950 and 1958), Bjorkman (1947), Peck & 

Hoerr (1951 and Weiss (1957-59-61). 

Knisley (1936), with a transillumination technique, proposed a 

closed circulation. MacKenzie (1941) using the same technique pro

posed an open circulation. Snook (1950) suggested the difference of 

opinion among these two was because Knisley had used rats and Mac

Kenz,ie had used mice. Bjorkman (1947) has given an excellent histori

cal review. Peck & Hoerr (1951) agreed with Knislefls ~.6riginal findings 

of a closed circulation. 

Weiss (1957) has done the only previous electron micro~copic 

studies of this ~rgan. He proposed that the previously defined two 

types of channels, i.e. pulp cords and venous sinuses, were all equi-
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valent vascular spaces. He demonstrated rather vaguely in this 

first paper, that the red pulp was an area consisting of the fol

lowing structure: Reticulo-endothelial cells, basement membrane, 

reticulo-endothelial cells, sinal lumen, R-E cells, basement mem

brane, R-E cells, sinal lumen, etc. He proposed that the "cord 

spaces" appeared. as such because they were flattened. sinuses with 

the R-E cells pushed against one another. Since that time he pub

lished another article (1959) with excellent electron micrographs 

demonstrating these findings. 

In my experiments I used the spleens of 3 rats and 4 rabbits. 

They were fixed in the modified Zetterquist-Caulfield. formula decribed 

earlier. They were embedded in a 15:85 Methyl:Butyl methacrylate mix

ture with Luperco as a catalyst. They were incubated. in a 600 el. "oven 

overnight and allowed to set two days before sectioning on the Porter

Blum microtome with glass knives. They were placed on Philips specimen 

ca,rrlers and some were stained. with potassium permanganate, while others 

were not. They were viewed with the Philips EM lOOB electron micro

scope. The micrographs were taken with the 35 mm. camera. 

The observations I made were very similar to those of Weiss. The 

photograph in figure 18 is printed at low magnification and is an ex

cellent example of multiple vascular channels. The basement membranes 

are clearly visible as are the reticular (R-E) cells lining both sides. 

It can be seen by the most casual observer that there are areas (A & B) 

which eppear to be closed, and yet, following these same channels 

farther, are clearly open to blood flow. The cells lining the basement 
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membranes in these channels are identical to those in the neighboring 

channels. 

Area (C) is a terminal arterial capillary ending upon and directly 

communicating with these channels. The basement membrane in these 

areas were shown in thicker silver-stained sections viewed by light 

microscopy to be the argyrophilic reticulum fibers. (Multiple areas 

in the red pulp showed this pattern previously described by Weiss). 

It is to be emphasized, however, that different areas showed different 

patterns. Many were subtle changes of the same configuration with the 

sinuses more completely coihlapsed as seen in the photographs in 

figures 19 & 20. 

The nature of the sinal wall not described by Weiss is illustrated 

in this last series of photographs. Figure 21 shows an area of red 

puq, in which but a single basement membrane and single layer of retic

ular (R-E) cells line a sinus wall. This was often found throughout 

the red pulp. Figure 22 shows the junction of 2 reticular (R-E) cells 

separating vascular channels. The last set of photographs is three 

views (Figures 23, 24, 25) which picture a terminal arterial capillary 

ending in the red pulp. The ending assumes a rectangular configuration 

as it passes into the vascular channels of the red pulp. Some of its 

wall has a basement membrane with a layer of cytoplasm on each side, 

while another part has only a layer of cytoplasm between it and adjoining 

red cells. (See legend for further explanation). 

After studying many areas of the red pulp of the spleen, I have 

found a similar pattern with many diverse subtleties. Not viewed here 
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are areas where macrophages appear to be on the verge of releasing 

themselves from a basement membrane. In view of all this, I have the 

following opinions: 

(1) Weiss was quite accurate in his original description of 
many of the red pulp vascular channels. 

(2) However, there is a diversity of subtle changes in the 
basic structure in various areas of red pulp. For exam
ple, often one layer of cytoplasm, rather than two, plus 
a basement membrane, separate vascular channels from one 
another. 

(3) Macrophages are seen, which appear to be arising as mobilized 
reticular (R-E) cells. 

The term~ !!closed" and 11 open11 are archaic and their historical 

definitions are too restrictive to be applied to the red pulp of the 

spleen. All vascular spaces beyond true capillaries are lined by 

reticular (R-E) cells, usually accompanied by a basement membrane 

(reticulum fiber) . There is great anatomical variation in the course 

of the blood through these spaces. This accounts for the diverse 

findings of the various investigators prior to electron microscopic 

studies. 
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Figure 19. 

Plate XIV. 

Collapsed Vascular Channels in the Red Pulp 
of the Spleen. (5350x,· 60KV). 

(b) Basement membrane (Argyrophilic reticulum
fibers).

(e) Erythrocyte within a vascular channel.

(1) Vascular channel (sinal lumen).

(r) Reticular (Reticulo-endothelial) cells.

Note the similarity of the cells lining the basement 
membrane. The sequence of structures from one vascular 
charmel is lumen (1), reticular cell (r), basement membrane 
(b), reticular cell (r), lumen (1), reticular cell (r), 
etc. 





Figure 20. 

Plate XV. 

Higher Magnification of the Collapsed Vascul.ar 
Channels seen in Figure 19. (10250X, 60KV). 

(b) Basement membrane (Argyrophilic reticulum
fibers).

(e) Erythrocyte within a vascuiar channel (1).

(1) Vase ar channel (iinal lumen).

(r) Reticul.ar (Reticulo-endothelial) cells,
and their cytoplasm (c).

Note same configuration as Figure 19. 





Plate XVI. 

Figure 21. Vascular Channels Separated. by a Basement 
Membrane and a Single Layer of Reticular 
Cells. (10250X, 60KV) . 

(b) Basement membrane. 

(e) Erythrocyte within vascular channel (1). 

(1) Vascular channel (sinal lumen) . 

(r) Reticular (reticulo-endothelial) cells 
and their cytoplasm(c). 

----

-------.. 

--





Plate XVII. 

Figure 22. Vascular Channels Separated by a Single 
Layer of Cytoplasm. (15050X, 60KV). 

(b) Basement membrane?

(e) Erythrocyte in vascular channels (1).

(1) Vascular channel (sinal lumen).

(r) Reticular (reticule-endothelial) cells
and their cytoplasm (c).

,.,............_ 





Plate XVIII . 

Figure 23. Terminal Arterial Capillary Cormnunica.ting 
Directly with the Vascular Channels of the 
Red Pulp . (S350X, 80KV). 

(a) Lumen of terminal arterial capill<1::.·.:. 

(b) Basement membrane . 

(e) Erythrocyte in vascular ch2.nnel (L) • 

(1) Vascular channel (sinal lumen) . 

Cr) Reticular (reticulo- endothelial) cell . 

(T) Lumen of rectangular space believed to 
area of transition from terminal arterial 
capillary to vascular channels of red 
pulp . 
As one traces the boundaries of space 
he notes that it is bounded by 3 t:y-pes 
of walls: A part with the (r) , (bm) and 
(r) configuration; a part with Cr),(bm) 
configuration and a part with only 
cytoplasm of one reticular cell (r) 
separating this space from the surround
ing vascul~r channels . Figures 2/i and 
25 show this at higher magnification. 





Plate XIX. 

Figure 24. Higher Magnification of the Wall of the 
Transitional Lumen in Figure 23. 
(10, 25DX, 80KV) . 

(b) Basement membrane. 

(e) F.rythrocy;te in vascular channel (1) . 

(1) Vascular channel (sinal lumen) . 

(r) Reticular (reticuloOendothelial) cell 
with cytoplasm (c) . 

(T) Lumen of rectangruhar space believed to 
be area of transition fr o,'.1 terminal 
arterial capillary to vascular channels 
of red pulp . 

Note area of wall composed only of cytoplasm Cc) of 
reticular (r) cell. This is separated from area with 
basement membrane and two layers of cytoplasm by unmarked 
arrow. 





Plate XX. 

Figure 25. Higher Magnifica_tion of the Well of the 
Transitional Lumen in Figure 23. 

(b) Basement membrane.

(e) Erythrocyte in vascular channel.

(1) Vascular channel (sinal lumen).

(r) Reticular (reticulo-endothelial) cell
with cytoplasm (c).

(T) Lumen of rectangular space believed to
be area of transition from terminal
arterial capillary to vascular channels
of red pulp.

Note one layer of cytoplasm (c) with a basement 
membrane (b). 





XI. 

SUNMARY AND CONCLUSION 

The electron microscope has brought insight into a previously 

unexplored macromolecular universe. With its amazing capabilities 

have come many limitations. It is important that all those associated 

be educated concerning both these aspects. The author believes it 

adaptable to essentially all fields of biological research. Cooper

ation and correlation by all concerned are necessary. The first 

chapter deals primarily with these aspects of electron microscopy. 

In chapters two through six, the many processes involved in 

preparing specilnens for use in the electron microscope are presented. 

These include prefixation specimen preparation, fixation, embedding, 

sectioning, staining, and mounting of the tissue specimen. These 

have been so presented to provide the student with a basic under

standing of the fundamental processes involved. In this way, he can 

utilize his individual innate ability to originate and modify pro

cedures to meet his various needs. It is hoped that with this ability 

he can stimulate the further growth and development of electron 

microscopy. 

Chapters seven through nine concern themselves with the electron 

microscope itself. A brief history of the development of microscony 

is presented in chapter seven. In chapter eight I have attempted to 

present an insight into the physical principles involved in the con

struction and the operation of the electron microscope. This builds 
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a foundation for the proper operation of the electron microscope as 

described in "cook booku style in chapter nine. The manipulation 

of the electron microscope should soon become a part of his routine 

daily abilities. It is hoped that the diagrams and photographs placed 

in these chapters will make the learning process easier. 

Interpretation of electron micrographs is not discussed. The 

student is urged to read chapter one of Maximow & Bloom's Textbook 

2.£ Histology for a basic understanding of ultrastructural detail be

fore consulting the numerolIB good articles available in the current 

literature. 

The electron microscope has given us a magnificent tool with which 

to explore the ultrastructure of living matter. Its application in 

all fields of medical research (clinical and basic science) is rapidly 

being recognized. It is hoped that the presented material will be of 

assistance in the development of the future electron microscopist, and, 

in so doing, further the advancement of medical science it~elf. 
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