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INTRODUCTION 

This report presents some findings derived from tests of a 
new silver proteinate for histological purposes.1 The new 
compound was initially tested according t o  the procedure de- 
scribed by Bodian ('36). Subsequent tests involved varying 
the fixatives, the time of impregnation, and the buffering of 
the impregnating solution. The variations were based in part 
on the methods of Holmes ( '43), Silver ( '42), Levine ( '40) 
and Samuels ( '53a, b). 

The concept that any one technic designed to demonstrate 
the finer structure of the nervous system may not be adequate 
in all tissues is not new. Recognition of this fact has given rise 
to the development of numerous methods and variations of 
methods. The importance of fixatives associated with technics 
for the demonstration of specific neural elements has also 
been emphasized. The use of a controlled pH in the impreg- 
nating silver solution is a newer and less appreciated develop- 
ment (Holmes, '43 ; Samuels, '53a, b ; Pearson and 0 'Neill, 
'46). 

MATERIALS AND METHODS 

When the Roques silver proteinate became available to us, 
it was first used as described in the standard protargol proce- 
dure (Bodian, '36). We attempted to establish a method of 

Available from Laboratoire Roques, 36 Rue St. Croix de la Bretonnaire, Paris, 
France. (Batch numbers 103 and R 9566 tested.) 
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testing tissues, fixatives, and pH of impregnating solutions. 
This was done in order to determine some of the optimal con- 
ditions necessary for successful silver staining using the 
Roques silver proteinate. 

OLD NEW (ROQUES) 

p H  8.0-8.3 1% Solution pH 8.2 (Holmes, '43) 
pH 7.8-8.0 (Romanes, '50) 

Silver content 8.5% (Holmes, '43) 
7.91% (Romanes, '50) 

8.0-8.3 % 

PH 0 Hrs.  24 Hrs. 0 Hrs. 2 4  Hrs.  40 Hrs.  

Without Cu pH 8.2 pH 8.0 pH 8.3 pH 8.2 . . . . .  

With Cu pH 8.2 pH 6.6 pH 8.3 pH 7.8-7.3 pH 7.0-7.1 
(Holmes, '43) 

Information from the manufacturer. 

Fig. 1 Comparison of some characteristics o f  silver proteinate compounds. 

A series of sections was chosen at random from paraffin 
blocks available in the laboratory. These were blocks of heart 
and central nervous system tissue from cat and dog of un- 
known fixation. The quality of the stained sections varied 
from excellent to poor. By buffering the impregnating solu- 
tion of the proteinate as in the Holmes technic ('47), we found 
that some tissues, previously unsatisfactory, were greatly im- 
proved. The buffer was a boric acid-borax solution (Holmes, 

A seoond series of tissues was then prepared using known 
fixatives as shown in figure 2. Pieces of the central nervous 
system (cortex, medulla, cerebellum, etc.) and the peripheral 
nervous system (cornea, intestine, heart, skin, etc.) were fixed 
for 8 days in the solutions listed in figure 2. They were then 
immersed for 8 hours in a solution of equal parts of 20% 
sodium citrate and 50% formic acid. Green ('55) has recom- 
mended this pretreatment of tissues scheduled to be silver 
stained prior to paraffin embedding. I n  a personal communica- 

'43). 
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tion, he stated that the improved staining with silver that re- 
sulted was possibly due to a removal of calcium from the tissue. 
We found this treatment helpful in our studies. 

Tissues were then dehydrated, embedded in paraffin, and 
sectioned at 12 p. The mounted sections were impregnated in 
0.5% silver proteinate solution, and buffered to various pH 
levels with the boric acid-borax buffer (range, pH 7.4-9.0). 

The following procedure was employed in our laboratory 
using the Roques silver proteinate. 

10% Formol-saline with excess calcium carbonate. 
10 % Formol-saline with excess magnesium carbonate. 
10% Formol-saline with excess lithium carbonate. 
Bouin 's  fixative 
5% Glacial acetic acid in saturated aqueous picric acid. 
Lawrentjew 's fixative (Koppen, ' 5 0 )  

Equal parts : 
Full strength non-neutralized formaldehyde. 
95% Ethyl alcohol. 
Saturated aqueous arsenious acid. 

Fig. 2 Fixatives used in  staining with buffered silver proteinate. 

Technic 

1. Decerate sections and hydrate. 
2. Place slides in 37°C. incubator for 20-40 hours in the follow- 

ing impregnating solution : 
0.5 gm silver proteinate 
4-6 gm copper (granular) 
100 ml distilled water 

(If  buffering is desired, make up 10 ml of the buffer and dilute to 
500 ml. Use a t  least 100 ml of solution per 10  slides.) 

3. Wash twice in distilled water. 
4. Reduce for a minimum of 5 minutes in the following solution: 

1 '% hydroquinone 
5% sodium sulfite 

100 ml distilled water 
5. Wash well in 3 or more changes of distilled water. 
6 .  Bleach section in cold 0.2% gold chloride for 3-5 minutes 

(brown color will bleach out t o  whitish gray). 
7. Wash briefly in distilled water. 
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8. Place slides in 0.25-0.2% cold oxalic acid until a faint blue- 
gray color appears (0.5-2 minutes). This length of time is 
recommended fo r  tissues with a great deal of connective tissue. 
For central nervous system, a longer time is permissible. 

9. Rinse briefly in distilled water. 
10. Fix in 55% sodium thiosulfate for a t  least 5 minutes. 
11. Wash three times for a total of 15 minutes in distilled water. 
12. Dehydrate, clear, and mount. 

The appropriate pH of the impregnating solution must be 
determined by trial. This is a function of the fixative and 
tissue. Figures 3-9 show tissues prepared with various fixa- 
tives in buffered and unbuffered impregnating solutions. 
Figure 9 was prepared with no buffer added. For sections of 
the central nervous system, fixation with 10% formol-saline 
neutralized with excess calcium carbonate was generally suc- 
cessful (fig. 9). Nerve fibers in peripheral tissues (e.g., cornea, 
intestine) were well demonstrated after Lawrentjew's fixative 
and Bouin's fixative (figs. 3 and 8). The use of fixatives con- 
taining picric acid seemed to give less staining of connective 
tissue and imparted greater clarity to the finished slide (figs. 
5 and 8). Nerve cell bodies and their proximal processes did 
not stain as well as periterminal structures. Compare figure 5 
with figure 8 and figure 6. 

Impregnation for 40 hours resulted in consistently superior 
preparations than shorter periods (i.e., 24 hrs.). Bodian ( '36) 
and Glassner et al. ('54) recommend an even longer time in 
the impregnating solution. 

Buffering the impregnating solution will occasionally cause 
green tinged gelatinous strands to  form in the solution. The 
greenish color of the strands suggests the presence of copper 
ions. Opacity of the solution was also noted. These phenomena 
do not affect the quality of the stain. The gelatinous strands 
and opacity are probably due to a precipitation of the protein 
component. This may be caused by a decreased solubility in 
pH ranges approaching the isoelectric point. 

The optimal range was found to  be from pH 7.4 to pH 8.5. 
Addition of the silver proteinate may cause a change of 0.1 to  
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0.3 pH units. The shift is usually to the acid side. Lower pH 
resulted in lighter and more specific staining. Raising the pH 
resulted in darker but more diffuse staining. This agrees with 
Samuels ' reports ( '53a, b). 

Toning is essential. We found that the use of cold toning 
solutions permitted better control. The degree of toning is 
usually determined by the preference of the individual investi- 
gator and depends on the tissue under study. No hard and fast 
rule can be applied to this stage of technic. 

DISCUSSION 

In  our tests of the Roques silver proteinate, we have found 
many similarities to the original protargol. When used in the 
Bodian technic, a characteristic common to both compounds is 
a fall in pH over a period of time (see fig. 1). With buffered 
silver solutions, as in the Holmes technic, differential staining 
of nerve tissue can also be accomplished. The results are fre- 
quently indistinguishable from silver proteinate staining. The 
fall in pH may then be considered to be an attempt at an ap- 
proximation of an optimal point. This optimal point is ap- 
parently determined for specific tissue elements under condi- 
tions of specified fixation. This is an important, but not the 
sole determinant as reported by Samuels ('53a, b). The char- 
acteristics of fixatives, their effect on tissues and on subse- 
quent staining, have been described by many authors (Lassek, 
'50; Stowall, '41; Dempsey and Wislocki, '46; Levine, '40). 
In  the biochemical literature, Boyd and Logan ('45) reported 
that the rate of reaction and chemical structure of amino acids 
was associated with the pH of the reactant formaldehyde. 
Stowall ('41) has pointed out that the use of various sub- 
stances (i.e., calcium carbonate, magnesium carbonate) in 
formalin solutions resulted in varied pH. The report of 
Holmes ('43) is of particular interest. He found that differ- 
ences occurred in silver stains when magnesium carbonate o r  
calcium carbonate are employed as neutralizing salts. This 
may be due to the difference in solubility of the above com- 
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pounds. He further described various pH levels necessary for 
satisfactory staining under these conditions. 

The fixative apparently causes the tissue to assume a certain 
physico-chemical state (Levine, '40 ; Dempsey and Wislocki, 
'46). Adjusting the pH of the silver proteinate solution then 
permits a limited interaction between the available silver and 
tissue components. It may be assumed that such a mechanism 
is, in part, responsible for the selectivity of the stain. 

By buffering the impregnating solutions, we believe that the 
usefulness of the silver proteinate staining methods has been 
extended. I n  a proper matching of fixative and impregnating 
solution the specificity of nerve staining can be improved. 

SUMMARY 

1. The use of a new silver proteinate for staining of nerve 
tissue is reported. 

2. The important relationship of fixation to impregnation 
is noted. A method of extending the usefulness of the silver 
proteinate by buffering the impregnating solution is described. 
The theory is discussed. 

3. Examples of tissues with varied fixation and impregna- 
tion pH are illustrated. 
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PLATE 1 

EXPLANATION OF FIGURES 

3 Tangential section of a cat cornea showing nerve fibers (NF)  in epithelium. 
Fixed in Lawrentjew. Impregnating solution buffered to p H  7.4. After 40 
hours pH was 7.2. X 265. 

Section through the central foot  pad of a cat. Fixed in Lawrentjew and 
showing large and small nerve fibers (NF). Impregnating solution buffered 
to pH 7.4. After 40 hours p H  mas 7.2. X 265. 

4 

5 Cerebellum of cat. Fixed in saturated picric acid in 5% acetic acid. Impreg- 
nating solution buffered to  pH 8.8. After 40 hours pH was 8.6. X 265. 

6 Cerebellum of cat. Fixed in Bouin. Impregnating solution buffered t o  p H  
7.4. After 40 hours pH was 7.3. X 265. 
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P L A T E  2 

EXPLANBTION OF FIGURES 

7 Nerve fibers ( N F )  and bundle (B) associated with cardiac muscle and a 
coronary artery (A)  (ca t ) .  F i x d  in 10% formol-saline with excess lithium 
carbonate. Impregnating solution buffered to pH 7.4. After 40 hours pH 
was 7.2. X 265. 

8 Circular smooth muscle layer of intestiiie (ca t )  showing periterminal nerve 
fibrr (NF) .  Fixed in Bouin. Impregnated for  40 hours. Init ial  pH of 7.4 
dropped to  7.2. X 560. 

9 Keuropil surrounding a nerve cell in the medulla (cat) .  The nucleus of the 
cell appears faintly. Endings are seen on the cell surface and its processes. 
Fixed in 10% formol-saline with excess calcium carbonate. No buffer. Drop 
in  pH in 40 hours, 8.3 to  7.1. X 560. 
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