
































































fixation, were more conspicuous with this pro- 
cedure than with osmium tetroxide fixation alone. 
The gross details of the nuclear image obtained 
with aldehyde fixation alone are in agreement 
with those commonly seen in light microscopy of 
both fixed and frozen-dried material, and in 
electron microscopy of frozen-dried and variously 
fixed and processed tissues (48, 56-58). These 
facts can be taken as further evidence that osmium 
tetroxide is not a reliable fixative for electron 
microscopic studies of nuclear structure. Though 
we have described the fine structural details of 

pointed out before, are also intensely stained by 
the same procedure. The worth of investigating 
different electron images produced by different 
means of fixation is further emphasized by the 

fact that osmium tetroxide fixation completely 
masks a conspicuous finding of aldehyde fixation 
alone, namely, the clear channels that pass from 
the karyoplasm through the nuclear pores to 
extend well beyond the nuclear contour to the 
hyaloplasm. 

Although some enzyme activities have been 
demonstrated to survive brief fixation in either 

FIGUR~ 31 

Same as Fig. 30, showing distribution of final product within the cisternae of the endoplasmic reticu- 
lure (er). Deposits of final product are indicated by arrow. X 55,000. 

the nucleus after glutaraldehyde fixation, this 
should not be taken as a "true" image of the 
nuclear organization, since we have seen differ- 
ences in the details of the nuclear structure with 
different aldehydes, and insufficient work has 
been done in this area. 

The appearance of the nucleolus in aldehyde- 
fixed material before and after lead staining 
deserves emphasis. In unstained material, the 
nucleolus is of homogeneous low density. How- 
ever, lead solutions stain the nucleolus and 
bring out the presence of dense granules of smaller 
size ( ~  100 A) but similar in appearance to the 
ribonucleoprotein particles found in the cytoplasm 
of the same cell. The cytoplasmic particles, as was 

osmium tetroxide or potassium permanganate 
(5-9), only after aldehyde fixation was a large 
variety of enzyme methods applicable to fixed 
tissue that could be processed after days or weeks 
of buffer storage. 

The achievement of discrete localization of 
products of enzymatic activity at the submicro- 
scopic level relates primarily to two factors in the 
present work: the preservation of fine structural 
details obtained through fixation, and the main- 
tenance of sufficient enzyme activity by a proper 
choice of fixative. However, there are additional 
factors to be considered. While the fixation is done 
immediately, the operational procedure for 
bistochemistry and electron microscopy can be 
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FIGURE 8~ 

Acetylchollnesterase activity of myoneural junction demonstrated by the thiolacetic acid method. 
Spotty localization occurs in the primary and secondary synaptic clefts of this glutaraldehyde-prefixed 
material, and fine deposits can be observed in the synaptlc vesicles (sv). The activity is completely 
inhibited by eserine and DFP (10 -~ M). X 36,000. 

rather leisurely delayed, by storing fixed tissues 
in cold buffer. In addition, fixed tissues suffer less 
than fresh tissue from the possibility of the migra- 
tion of soluble and diffusible enzymes. The 
resulting decrease in the activity of the enzymes 
produced by fixation allows a more immediate 
capture of the product by the reagent and a 
discrete localization of final precipitate. 

Since the aim of the present work was to intro- 
duce the use of aldehydes for histochemistry and 
electron microscopy, the study of the distribution 
of the various enzymatic activities will be found 
incomplete. Some of the localizations, however, are 
in accordance with previous work and with what 
is now known concerning the presence of enzyme 
activities in the different cell compartments. For 
example, the products of several oxidative enzyme 

activities were primarily related to mitochondrial 
membranes (59), while acid phosphatase (14) and 
presumably cathepsin C activities were demon- 
strable in dense bodies (lysosomes). Microsomal 
enzymes such as glucose-6-phosphatase (41) and 
aliesterase (60) assayed histochemically gave a 
product clearly confined in the liver to the 
membranes of the endoplasmic reticulum. More 
difficult to interpret is the localization of the 
product of hydrolysis of thiolacetic acid in relation 
to the cytoplasmic membranes of the kidney cells. 
Since the incubation of thick frozen sections 
resulted in little or no activity in relation to the 
membranes of the kidney, the possibility exists of 
a complicated situation of diffusion gradients 
inside the small blocks, resulting in a fallacious 
localization of the precipitate. 
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FiotmE 33 

Several peribiliary bodies (lysosomes, l) show 
lead phosphate deposits indicative of acid phos- 
phatase activity. Rat liver fixed in glutaralde- 
hyde. Mitocbondrion, m. X 25,000. 

These points raise the question of the use of 
thick frozen sections or of small blocks for electron 
cytochemistry. The  tests reported in this paper 
were duplicated with both techniques, and con- 
gruent results were obtained in all cases with the 
exception noted previously. However,  with the 
techniques for the phosphatases, the non-specific 
deposits are fewer in sections than in blocks, and 
the former should be preferred in spite of some 
damage to the structure. 

The  fact that some fixatives preserved the 
activity of succinic dehydrogenase, cytochrome 
oxidase, and glucose-6-phosphatase should be 

FIGURE 34 

Part of tubular cell of the rat kidney fixed in 
glutaraldehyde, showing acid phosphatase ac- 
tivity restricted to a lysosome (l). This activity was 
demonstrated by a 15-minute incubation period. 
Longer incubation times produce still heavier 
deposits confined to these structures. X 28,000. 
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FI6URE 35 

Rat liver fixed in crotonaldehyde and incubated for the demonstration of ATPase activity. The biliary 
canaliculus is filled with the dense final product of the reaction. Other parts of the periphery of the 
liver cell, e.g. that facing the sinusoid, also showed somc activity. X 35,000. 

stressed since these enzymes heretofore have not 
survived routine fixation. However,  it should be 
noted that hydroxyadipaldehyde, which best 
preserved the activity of these most sensitive 
enzymes, was not the fixative of choice for the 
retention of fine structural detail. This reinforces 
the general notion that excellent morphological 
preservation by fixation implies the suppression of 
enzyme activities. However,  there is still room for 
choice of fixative, and a compromise can be 
attained between a perfect general fixation with 
no enzymatic activity and the retention of some 
activity in relation to a recognizable fine structure. 
I t  is also possible that aldehyde fixation may be 
applicable to studies of immunohistochemistry in 
which macromolecules must retain their antigenic 
properties, 

A singular advantage of using appropriately 
fixed material in the combination of histochemistry 
with electron microscopy comes from the fact 
that a similar quality of morphological preserva- 
tion found with aldehyde fixation alone was 

maintained through the incubation procedures 
and was present in the final analysis with the 
electron microscope. In addition, the preservation 
of morphology was sufficiently good with some of 
the aldehydes alone (e.g. glutaraldehyde) so that 
the final dense product could be easily referable 
to fine structure in sections of material embedded 
without postosmication. This fact suggests the 
possibility that low density final products of 
histochemical reactions might also be recognized 
in material fixed in aldehyde alone. 
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FIGURE 36 

Liver tissue fixed in g|utaraldehyde and incubated to demonstrate 5-nucleotidase activity. Parts of 
three hepatic cells are shown with the dense product localized in the cell borders and intercellular 
space. The activity which in the peripheral dense bodies also hydrolyzed the substrate, AMP, pre- 
sumably is due to acid phosphatase. A myelin figure at the bottom left is stained by the lead in the 
incubating medium. X 31,000. 
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FIGURE 37 

Glutaraldehyde-fixed hepatic cell incubated for the demonstration of a nucleoside-diphosphatase 
activity with IDP as substrate. Sacs in the Golgi region (G) contain the final dense product (lead phos- 
phate). Nucleus, N. >< 35,000. 
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FIGUI~E 38 
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Mitocbondria (m) show no product. >( 40,000. 
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