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Oxidation of araldite-embedded liver sections by 1% w/v

aqueous H,1O6 for 15 mm and a 5-mm reaction of car-

bonyls with 1% w/v thiocarbohydrazide in 10% v/v acetic
acid was employed for subsequent staining ofglycogen with

silver-proteinate (S-P). The network of branching intracel-

bular gbycogen aggregates was revealed by 15-mm staining
with S-P, whereas 24 hr incubation in S-P was necessary to

Introduction

Facile addition ofthiocarbohydrazide (TCH) to carbonybs, and the

intrinsic property of thiocanbohydnazones to reduce osmium

tetroxidc and silver salts, gave rise to a number of techniques for

histochemical localization of peniodate-labile glycoconjugates and

neutral polysacchanides (1,2,6) by transmission electron micros-

copy. In the case of neutral pobysaccharides, e.g. , glycogen, the

TCH-silver proteinatc variant (7,8) has gained wide acceptance (5)

and has superseded earlier morphological (4) methods. Although

the chemical specificity of the pcniodate-TCH-silvcr protcinate

sequence for glycogen is beyond dispute, its practical implementa-

tion is determined by a number of variables which, in their turn,

may significantly affect its reproducibility. Therefore, in this com-

munication we describe reproducible periodic acid-TCH-silver

proteinate staining sequences yielding consistently enhanced con-

trast and resolution of glycogen in analditc-embedded hepatic

cells.

Materials and Methods

Tissue. Liver from healthy Wistan rats was used in all tests.

Reagents. Gbutaraldehyde, sodium cacodybate, osmium tetroxide, ura-

enhance the contrast of glycogen indusions. We condude
that the proposed modification ofglycogen staining readily

affords the means for its localization at a desired bevel of
contrast and resolution. �f Histochem Cytochem 35:393,
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nyl acetate, and lead citrate were from EM Science (Cherry Hill, NJ).

Parapeniodic acid (H,IO6) and malt diastase were purchased from Sigma

(St. Louis, MO). Crystalline thiocarbohydrazide (itH), British araldite

and nickel grids were obtained from Pobysciences (Warrington, PA). In ad-

dition to other vendors, protangob silver proteinate was purchased from Ro-

boz Surgical Co (Washington, DC).

Fixation and Processing of Tissues. Small pieces of tissue were fixed

for 1 hr at room temperature in 2.5% v/v gbutaraldehyde, buffered with

0.1 M cacodylate (pH 7.4) and containing 3% w/v sucrose. Fixed tissues

were washed repeatedly with 0.1 M cacodybate buffer containing 3% w/v

sucrose. Washed tissues were then post-fixed for 1 hr in cacodylate-

buffered 1% w/v osmium tetroxide. After dehydration in graded ethanol

and propylene oxide solutions, the tissues were embedded in British anal-

dite. Gray to silver sections were cut, floated on water, and placed on nickel

(3) grids.

Staining Procedures. All tissue sections were oxidized for 15 mm by

1% w/v aqueous H,IO6, washed repeatedly with distilled water, and then

incubated for 5 mm at room temperature in 1% w/v itH dissolved in 10%

v/v aqueous acetic acid. Tissue sections were then rinsed with 5 % and 1%

v/v aqueous acetic acid and washed repeatedly with distilled water. Im-

mediately before use, incubation solutions were prepared as follows:

1. All glassware was cleansed with acid dichromate solution and then

rinsed repeatedly with triple-distilled water.

2. Ten ml oftripbe-distilbed water was pipetted into a columbia jar, and

immediately before use 100 mg of protargol silver-proteinate was

gently sprinkled on the surface of water, without stirring.

3. The staining solution was then heated to 50C for 5 mm and its

surface was rendered free of the undissobved protcinate by passing
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Figure 1. Glutaraldehyde-0s04-fixed ratliver sections stained with uranyl acetate-lead citrate reveal poorly defined intracellular glycogen. Original magnification
x 60,000.
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Figure 2. Glutaraldehyde-0s04-fixed rat liver. Sections were oxidized by 1% w/v aqueous H5lO� for 15 mm, incubated for 5 mm in 1% w/v TCH solution, and
then stained with 1% w/v aqueous silver proteinate for 15 mm. Branching structure of intracellular glycogen aggregates is clearly outlined. Original magnification
x 60,000.
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Figure a Glutaraldehyde-0s04-fixed rat liver. Sections were oxidized by 1% wlv aqueous H5101 for 15 mm, incubated for 5 mm in 1% w/v TCH solution, and
then stained for 12 hr with 1% w/v aqueous silver-proteinate. The sections were then stained again with freshly prepared silver-proteinate for an additional 12
hr. Note the minute silver particles in the cytoplasm, and a characteristic texture of silver-stained lysosome (L). Original magnification x 60,000.
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a small (1 x 2 cm) piece of Ross optical lens tissue over the surface

of the pnoteinate solution.
4. The incubations were carried out by flotation ofgnids on the surface

of proteinate solutions. Br each incubation a freshly cleansed

columbia jan was used.

5. Longer incubations were performed in conventional copbin jars.

These were filled with 50 ml ofidenticalby prepared proteinate sobu-
tion. All manipulations listed here were performed in darkness. In

a “bnier’ variant of the staining procedure, sections were incubated

at 50CC in 1% w/v aqueous silver protcinate for periods ranging

from 5 to 20 mm.
In a “bong” staining variant, the sections were incubated at 50’C for

12 hr and then transferred into a fresh silven-proteinate solution for an ad-

ditional 12-hr incubation. Mtcr incubations in silven-proteinate, the sec-

tions were gently blotted with filter paper, washed with distilled water,

and examined with a Philips 300 microscope.

Controls. Sections of gbutaraldehyde-OsO4-fixed tissues stained with

unanyl acetate-lead citrate (4) served as morphological reference for the

listed procedures. Tissues fixed only with glutaraldehyde and osmified

glutaraldehyde-fixed tissues were also stained in parallel. In this case,

omission of peniodatc oxidation provided an additional control of staining

procedures. Rn absolute control of all staining reactions, small pieces of

fresh liven tissue were incubated for 1 hr at 37C in 0.5% w/v malt diastase

dissolved in 0.2 M phosphate buffer (pH 6.3). They were then fixed and

processed further to accomodatc each staining variant.

Results

Liver sections stained with uranyb acetate-lead citrate (Figure 1)

and with a brief silver-pnoteinate staining variant (Figure 2)

showed, in the former case, characteristic but poorly defined

clusters of intracellular glycogen, and clearly resolved silver gran-

ubes with the latter technique. The silver grains tended to form

discrete agglomerations which, in turn, were linked in a branching

network - a pattern highly suggestive of a two-dimensional

representation of the three-dimensional glycogen aggregates. In

contrast to the silver-stained glycogen agglomerations, the circum-

scnibed bacunac did not stain. Cell organdIes did not stain, and

no nonspecific silver grains were present outside stained glycogen

inclusions. As compared to 50CC, incubation of sections in sil-

ver-proteinate at ambient temperatures tended to prolong stain-

ing time unduly, and moreover resulted in unpredictable, non-

specific staining of substrates other than peniodate-oxidized

glycogen.

The bong glycogen staining procedure yielded excellent nesobu-

tion and contrast ofthe well-defined glycogen depositions (Figure

3). However, the silver grains were uniformly larger and, unlike in

the brief staining variant, the network pattern of stained glycogen

was not evident. Moreover, in contradistinction to the brief sib-

ver-pnoteinatc staining, mitochondnia were clearly outlined by

minute silver grains, and the intracellular matrix also contained

equally small silver particles. These results were definitely cxaccn-

bated by the 12-hr incubation in the same medium and were not

improved by changing incubation medium more frequently, i.e.,

at 4-6 hr intervals. Apart from mitochondnia and the intracellular

matrix, bysosomes were also stained with silver during 12-hr incu-

bation. However, the staining texture of Iysosomcs (Figure 3) ren-

dered them readily distinguishable from all other intracellular en-

tities. Predictably, sections fixed only in glutaraldehyde also

exhibited glycogen inclusions. However, their localization was not

as sharply delineated as in the case of osmified tissues. Moreover,

the reduced silver grains tended to coalesce readily, thus interfer-

ing with their resolution. Similarly, extension ofthe 1EH addition

reaction from 5 to 40 mm and beyond did not yield improved

results. Consequently, duration of the 1EH addition reaction was

nestnicted to 5 mm, and studies with the non-osmified sections

were not further pursued. Incubation of fresh liver tissues before

fixation in the presence of malt diastase subsequently abolished

the silvcr-pnoteinatc staining of peniodate-babibc substrates (Fig-

ure 4). These results were equally negative after either brief or 24-

hr silven-proteinate staining. Similarly, no glycogen staining was

demonstrated in sections not oxidized by peniodate.

We also noted that only French protargol silver-proteinate,

supplied by Roboz, yielded consistent and reproducible staining.

Silver-proteinate batches from other sources were found to be un-

suitable for consistently reproducible glycogen staining. The rca-

son for this was not determined.

Discussion

The results of this study indicate that when the duration of penio-

date oxidation and ofthe itH addition reaction remain constant,

the fidelity of glycogen localization is determined by time- and

temperature-dependent rates of sibver-pnoteinate reduction by

thiocarbohydnazones. Whereas peniodate concentration and the

duration of oxidation were essentially the same as in the standard

H,IO6-ltH silver-proteinate method (7), the duration ofthc sub-

sequent reactions was altered substantially. In the itH addition

reaction with carbonyls, reaction time was decreased to 5 mm as

compared to a 30-40-mm minimum generally employed for

demonstration of glycogcn (7,8). The rationale for decreasing the

time of the TCH addition reaction was based on empirical data

which indicated that to achieve reduction of silver-pnoteinate at

controlled rates, it is unnecessary to add 1EH to each available car-

bonyb. These conclusions were seemingly confirmed by results

noted after prolongation of the TCH addition reaction from 5 to

40 mm and beyond. Similarly, the propensity of itH addition

products to reduce 0504, concomitant with the formation of

electron-opaque silver depositions (5), probably accounts for the

comparatively superior results noted in 0504 post-fixed tissues.

For the reasons already stated, the overabundance of reducing

thiocarbohydrazones made it difficult to control the rate of sib-

ven-proteinate reduction, particularly during the brief staining

variant. Thcrefone, the time of oxidation by periodate and the

TCH addition reaction did not vary, and in a bnicfstaining variant
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Figure 4. Rat liver pieces were incubated at 37#{176}Cfor 1 hr in 0.5% w/v malt diastase, washed with PBS, and then fixed in glutaraldehyde-0s04. Sections were
oxidized by 1% w/v H5l06, incubated for 5 mm in 1% wlv TCH, and stained with silver-proteinate for 24 hr. Note the absence of silver-stained glycogen. Original
magnification x 30,000.
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the reduction of silven-pnoteinate by thiocarbohydnazones did not

exceed 15 mm. On the other hand, staining was extended to 24

hr in the long staining variant. In contrast to 15-mm staining,

longer incubation periods resulted in obliteration of the network

of glycogen inclusions and in increased diameter of the silver

grains in silver-stained glycogen (Figure 3). Moreover, the outlines

of mitochondria were clearly visible, lysosomes were stained, and

seemingly nonspecific silver grains were also evident in the

cytoplasm. These effects, although minimized by a two-step incu-

bation, still suggest that after prolonged incubation in the same

solution, nonspecific silver precipitates arc deposited, perhaps by

a process similar to nucleation. Nonetheless, the fact that incuba-

tion in malt diastase abolished subsequent glycogen staining and

the accumulation of silver grains elsewhere seems to indicate that

only neutral, peniodate-labibe polysacchanides were demonstrated.

As stated above, only French pnotargol-sibver-proteinate yielded

consistent staining of glycogen. However, even from this source

there were qualitative variations from batch to batch. Therefore,

we suggest that before serial staining each batch should be

calibrated as to its suitability for the brief staining variant. In our

hands, this variant did not exceed ± 5 mm. In the long staining

variant, the variability of French silver-proteinate batches is obvi-

ously not a problem.

The suggested parameters for gbycogcn staining were estab-

lished empirically, and therefore may be modified further to meet

specific requirements. We therefore conclude that the described

modification of peniodate-itH-silven-proteinate method can be

used for selective elucidation of internal hepatic glycogen struc-

tunes and for localization of minute glycogen particles.
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