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ABSTRACT. Silver impregnation with silver-pro- 
tein compounds is widely used for staining tissue 
sections and cell cultures. Some authors report 
that the results obtained with these methods have 
not always been reproducible because the re- 
agent’s composition varies according to the man- 
ufacturer. To avoid this problem in the method 
described in this paper, a silver proteinate, pro- 
duced in our own laboratory is used. Although 
our method is based on Bodian’s, the modifica- 
tions we have made allows its use for both free- 
living cells (protozoa) and cells grown in culture 
(nerve cells). The significant modifications are 1) 
different fixation, 2) postfixation with Cajal’s for- 
mol-bromide, 3) changes in the duration of the 
impregnation steps technique and 4) elimination 
of metallic copper. The method reported here en- 
ables us to use silver proteinate whenever we 
require it and to control the composition of the 
silver proteinate. This technique can be used for 
cells cultured in either plastic or glass. 

Key words: silver impregnation, silver proteinate, 
protozoa impregnation, cultured nerve cell im- 
pregnation 

ilver impregnation techniques have S been widely used for many years for 
staining different.tissues. In neurology the 
information provided by these techniques 
has been invaluable. Such techniques 
were used by Santiago Ramon y Cajal 
(1 889, 1934) in most of his work. Tissues 
have been impregnated as sections, either 
frozen or freezing, by paraffin embedding 
or in block. Cultured nerve cells and pro- 
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tozoa have also been impregnated. Bodi- 
an’s method (Bodian 1937) has been the 
mosl widely used in the impregnation of 
cultured nerve cells, although the results 
obtained with this technique have not 
been reliably reproducible, as Honigberg 
and Davenport (1 954) have reported, be- 
cause the silver-protein compounds are 
not identical. Consequently, various au- 
thors made their own silver proteinate, for 
example, Cole and Day (1940), Kirby 
(1945), Moskowitz (1950), Davenport et al. 
(1 952), Tengler (1 945) and Peters (1 958). 
It has also been reported by Fernandez- 
Galiano (1 976) that some impregnation 
techniques for protozoa do not yield per- 
manent preparations. 

Our need to impregnate protozoa for 
studies of their infraciliature and to obtain 
permanent preparations stimulated us to 
prepare a silver proteinate made in our 
own laboratory. We also have used this 
proteinate in the impregnation of cultured 
nerve cells. 

MATERIALS AND METHODS 
Ciliated and flagellated fresh water pro- 

tozoa and cultures of telencephalic and 
optic lobe nerve cells from seven-day-old 
chick embryos were used. Nerve cells were 
cultured for 24 hr to 12 days on glass 
slides and coverglasses or in plastic tissue 
culture dishes (Falcon). 
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Reagents 
10% formaldehyde 
Cajal’s formol-bromide 
0.25% potassium permanganate 
99.5% methanol 
silver proteinate 
2% oxalic acid 
1 % hydroquinone in 5% sodium sulfite 
1 % gold chloride 
5% sodium thiosulfate 
70% ethanol 
concentrated isopropanol 
xylene 
synthetic resin or Kaiser’s glycerinated 

gelatin 

Preparation of Silver Proteinate 
Heat 90 ml of double distilled water to 65 
C and dissolve in it 1.8 g powdered gelatin 
(Difco). Allow the gelatin solution to cool 
to 30 C and add 10 ml of freshly made 2% 
silver nitrate. Mix well. Allow to stand for 
30 min before use or store in an amber 
container at 20-23 C away from light. I t  
should remain usable for a week; if stored, 
melt a t  37 C before use. 

Ca jal’s Formol- Bromide 
Dissolve 2 g ammonium bromide in 15 ml 
38-40% formaldehyde diluted to 100 ml 
with double distilled water. All the re- 
agents used in the preparation of these 
solutions, with the exception of the gelatin 
(Difco), were purchased from Merck. 

Preliminary Procedures 
The procedures for impregnation of cul- 
tured nerve cells and protozoa are essen- 
tially the same: however, due to their par- 
ticular characteristics ‘different fixatives 
and fixation methods are needed. 

For protozoa we used glass slides treated 
with a 2% aqueous gelatin solution and 
dried at  room temperature. Protozoan cul- 
tures were centrifuged and a sample taken 
from the bottom of the tube with a Pasteur 
pipette was spread on the gelatin-treated 
glass slide and dried at room temperature. 
The slides were then placed in a closed jar 
in the vapor from a 10% formalin solution 

solution should be kept at approximately 
80 C (a water bath works well) and should 
not touch the slides. Cultured nerve cells, 
either on slides, coverglasses or plastic 
dishes, were rinsed with isotonic saline 
solution to eliminate residual culture me- 
dium. Slides or coverglasses were im- 
mersed in methanol for 15 min. Plastic 
culture dishes were filled with methanol 
and left for 15 min. After cells were fixed 
in this way, slides or coverglasses were 
transferred to Cajal’s formol-bromide so- 
lution for 60 min. With plastic culture 
dishes the methanol was poured off and 
replaced with Cajal’s solution. 

lmpregna tion 
The following technique is equally appli- 
cable to nerve cell cultures or protozoa 
using Coplin glass jars or pouring solu- 

Fig. 1. Blepharisma sp. In this ciliate the infraciliature is 
neatly revealed after silver impregnation with our modi- 
fication of the silver proteinate technique. Inset: a detail 
of the anterior portion of this protozoan (area outlined) 
showing the kinetosomes and their arrangement: cilia 
(arrowheads); kinetosomes (arrows); macronucleus (N); 
adoral zone (AZ); digesting vesicles (DV). Scale marker = 

in the bottom of the jar for 10 min. This 30 pm. 
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tions in or out of dishes as may be re- 
quired. Metallic instruments must not be 
used. 

1) Rinse in distilled water (three 
changes, 1 min each) 

2) 0.25% Potassium permanganate for 7 
min 

3) Rinse in distilled water (three 
changes, 1 min each) 

4) 2% Oxalic acid for 5 min 
5) Rinse in distilled water (three 

changes, 1 min each) 
6) Impregnate with silver proteinate at 

37 C for 48 hr 
7) Rinse in distilled water (three 

changes, 1 min each) 
8) Hydroquinone, 1% in 5% sodium sul- 

fite for 8 min 
9) Rinse in distilled water (three 

changes, 1 min each) 
10) 1% Gold chloride for 5 min 
11) Rinse in distilled water, 1 min (once 

12) 2% Oxalic acid for 3-5 min 
13) Rinse in distilled water (three 

14) 5% Sodium thiosulfate for 8 min 
15) Rinse in distilled water (three 

changes, 1 min each) 
16) 70% Ethanol, 1 min (once) 

only 1 

changes, 1 min each) 

17) Isopropanol (two changes, 1 min each) 
18) Xylene, 1 min (once) 
19) Mount with synthetic resin 
Note: With cultures in plastic dishes, de- 
hydration and clearing should be avoided. 
Mount with glycerinated gelatin. 

RESULTS 
Thanks to the modification of the origi- 

nal fixation method, results obtained with 
impregnation of specimens on either glass 
or plastic supporting materials have been 
highly satisfactory. Protozoan impregna- 
tions have allowed us to observe: infraci- 
liature (Fig. l),  cilia (Fig. l ) ,  flagella (Fig. 
2), nuclei (Figs. 1 and 2), food digesting 
vesicles (Fig. 1) and vacuoles (Fig. 2). In 
Paramecium sp. we clearly observed cilia, 
kinetosomes, macronuclei, digesting vesi- 
cles and water expelling vesicles, and in 
Euplotes sp. the adoral zone, macronu- 
cleus, anal cirri, caudal cirri and cirri fi- 
bers. In impregnated nerve cell cultures 
we observed cell nuclei, nucleoli, neurofi- 
brils and nerve fibers (Figs. 3 and 4) as 
well as glial cells when these were present 
(Fig. 3).  All these structures stained black; 
other elements stained pink to light violet. 

Fig. 2. Ochromonas sp. This flagellate has two unequal flagellae-the modified silver proteinate technique demonstrates 
both: flagellum (F); short flagellum (f); nucleus (N); contractile vacuole (V). Scale marker = 10 pm. 
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Fig. 3 Chick embryo neurons in monolayer cell culture. 
Three days after seeding on coated collagen glass slide, 
they were stained with the modified silver proteinate 
technique: neurofibrils (arrowheads): neurons with nu- 
cleus and nucleoli (N); nerve fibers (arrows); glial cells 
(asterisk). The latter are probably astrocytes, though they 
are not yet completely differentiated. Scale marker = 10 
pm. 

DISCUSSION 
The silver proteinate techniques described 
by various authors have presented, in our 
laboratory as well as in those of other 
colleagues (personal communications), 
such problems as incomplete impregna- 
tion, vacuolization of impregnated cells; in 
particular, the staining of protozoa im- 
pregnated using these techniques have not 
usually been permanent. The silver pro- 
teinate technique has ’ been reported in 
some papers to be useful for impregnation 
of protozoa and, in others, for nerve cells. 
Our aim was to adapt this technique for 
both. The modified fixation procedure de- 
scribed here achieves that end; impreg- 
nated cells show none of the above-men- 
tioned alterations. 

We used Difco gelatin because it gave us  
the best results. If this gelatin is not avail- 
able, Knox gelatin may be used. 

Fig. 4. Neuron cell culture seeded on polylysine-coated 
coverglasses to avoid the growth of glial cells. Modified 
silver proteinate technique; neurons (N); nerve fibers 
(arrows); neurofibrils (arrowhead). Scale marker = 10 pm. 

We used Cajal’s formol-bromide solution 
for postfixation, or mordanting, to in- 
crease the silver affinity of nerve cells. 
The impregnation of cultured nerve cells 
was satisfactory with collagen or polyly- 
sine as substrates. 

Protozoa and nerve cells impregnated by 
this modified technique, and mounted in 
synthetic resins have remained unaltered 
for years. Cultures impregnated in plastic 
dishes do not last as long, since they can- 
not be cleared and dehydrated; in our ex- 
perience these preparations start to lose 
color after two or three years. 
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