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The destructive action of  colloidal silicic acid on tissues plays an important part in the pathogenesis of sili- 
cosis. This acid forms in the tissue fluids when silicon dioxide penetrates into them. Its influence on the organism 
is shown chiefly in the denaturation of proteins, as has been demonstrated in vitro. The pathological changes con- 
sist in the formation of silicotic nodules. There is a dystproteinemia, which indicates disturbances of protein meta-  
bolism. This effect was confirmed by polarographic studies of blood serum and its proteins [1, 8, 19]. However, un- 
til now the mechanism of these disturbances has remained unknown, In particular, it is not known whether they 
a r e  due only to the presence of silicic acid. 

The present study is intended to show what changes occur in the polarogram of the serum of animals treated 
with silicic acid or with amorphous silicon dioxide. 

E X P E R I M E N T A L  M E T H O D  
The experiments were carried out on healthy male and female rabbits and rats. Rabbits with an average 

weight of 1850-2550 g were divided into two groups, Every three days, the first group of 24 received and injection 
into an ear vein of  20-24 rag. of pure silicic acid as a 0 ,25or0 .5~  sterile colloidal solution. The solution was 
prepared by dissolving the amorphous silicon dioxide in NaOH and neutralizing with HC1 to form a solution isotonic 
with physiological saline. T h e  injections were given for three weeks, so that the total amount of silicic acid in- 
jected was 250-300 mg. 

The 14 control rabbits received injections of sterile physiological saline. One week after the last injection 
had been given, blood was taken from both groups by intracardia puncture. The edema of  the ear which in some of 
the rabbits had developed at the time of the first injection had completely disappeared, 

During the experiment, 9 of the rabbits died, including 8 which had received the silicic acid, and 1 of the 
control group. 

Rats weighing 100-175 g were divided into 6 groups. The first group consisting of 8 rats received an injection 
into the tail of 1.5 ml of a 0.25 a]o solution of silieie acid, containing 25-26 mg of solid. Four days later, the 
animals were killed by cutting the carotid arteries, and after the normal treatment, the blood serum was studied 
polarographically. The five rats comprising the second group received an injection of 50 mg of silicic acid in the 
form of 1 ml of a sterile 0.5~]ocolloidal solution, They were killed after seven days, Eight of the rats of the third 
group received an iutraperitoneal injection of 1 ml of a lr dispersed suspension of amorphous silicon dioxide 
(A~orsil). They were killed after seven days. Rats of the fourth, fifth, and sixth groups served as controls. They 
received corresponding intravenous or intraperitoneal injections of physiological saline, 

The rats of the first group which had been given an intravenous injection showed signs of acute inflammation, 
while those of the second andthird groups who had been given the injection intraperitoneally showed no changes 
visible to the naked eye. 

The polarographic measurements were made by a modification of the method of Brdichek [3, 5]. To 0 .4ml  
of fresh serum was added 0 .1ml  of 0.1 N KOH; it was left to stand for 45 minutes at room temperature, the proteins 
were then precipitated with a 20 %solution of  sulphosalieie acid, and after 10 minutes the solution was filtered. 
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Into the .vessels for the e lec t ro ly te  of the polarograph were poured 5 ml  of  the main solution (0.001 N CaC1 z, 0.1 

N NI-14C1, and 1 N NHs), and then 0.9,5 ml of protein-free serum fi l trate was added to each. The polarogram was 

taken in an atmosphere of hydrogen with a galvanometer  of sensitivity 1/150 for rabbit  serum, and 1/300 for rat 

serum. In eva lua t ing  the results, account was taken of the  distance (in ram) between the cobal t  wave and the second 

ca t a ly t i c  wave. To e l imina te  errors, polarograms were 
TABLE 1. Height of Polarographic Threshold 

of Rabbit Serum (in ram) 

Number of 
exper iment  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I1 
12 
13 
14 

15 
16 

Mean 
Sx 
t 
P 

Control 
animals 

29 
36 
30 
27 
45 
28 
20 
19 
26 
19 
28 
33 
27 

28,23 
+_ 1,98 

2 '8 
< 2 %  

Experimental  ~ani- 
mals  (intravenous 

inject ion of g~'.SiO 3) 

38 
68 
68:, 
26 
54 
48 
58 
53 
47 
63 
5O 
37 
63 
46 
26 
24 

48,06 
:k3,64 

taken simultaneously for the cpntrol  and exper imenta l  
groups. The stat is t ical  method of Student was used to 
evaluate  the results. 

E X P E R I M E N T A L  R E S U L T S  
In the 16 rabbits t reated with s i l ic ie  acid,  the av- 

erage polarographic threshold height was 48.06 rnm, and 
in controls it was 28.23 ram. The difference is highly 

significant s ta t is t ical ly ,  and indicates that the ac t iv i ty  of 
the serum of the exper imenta l  group was 70.24%higher  
than that of the controls. The results are shown in Table 1. 

In the  first group of rats, the height of the polaro-  
graphic wave was 61.12 ram, and in the controls 43.12 
mm, i .e.  the polarographic ac t iv i ty  of the rats which had 
received the s i l ic ic  aeid in to the  ta i l  vein was 41.7 %high-  
er than that in the control  group. 

In the second group of rats, the height of the polaro-  
graphic wave was 46.6 ram, and it was 36.2 mm in the 
controls, a difference of 28.8%. 

In rats of the third group which rece ived  a highly 
dispersed suspension of silicon dioxide intravenously,  the 

height of the polarographie wave was 56.8 ram, and in 
the controls it was 96.62 mm,  a difference of 55.5%. 

Until now there has been no agreed opinion as-to what factors de termine  the ac t iv i ty  of the prote in-f ree  serum 
fil trate.  Brdieka [5] attribUtes great importance to the protein disintegration products which are soluble in sulpho- 
sa l icy l ic  acid. It is now general ly  agreed that the shape of the polarogram is de termined pr imar i ly  by the level  of 
the serum mucoproteins [14]. It is important  to take this factor into account in both c l in i ca l  and exper imenta l  

TABLE 2. 

No. of 

expt. 

I 
2 
3 
4 
5 
6 
7 
8 

Mean 
S~ 
t 
P 

Control 

animals 

56 
37 
62 
32 
57 
29 
40 
32 

43,12 
+4 ,64  

gxpt l ,  an i -  
mals ( intra-  
venous in- 
ieetion of 
Hz Si%) 

6O 
57 
64 
49 
64 
64 
68 
63 

61,12 
+_2,07 

3;546 
<1% 

Control 

animals  

36 
33 
30 
20 
62 

36,20 
+_6,98 

Exptl. an i -  
mals (intra- 
peritoneal 
injection of 
H, SiOa) 

39 
40 
40 
59 
55 

46,6(1 
.+_4,29 

1,267 
<30% 

Control 

animals 

36 
33 
30 
20 
62 
55 
30 
27 

36,62 
:~5,09 

Exptl. an i -  
mals ( in t r a -  
per i toneal  
inject ion of 
SiO~) 

56 
67 
58 
45 
53 
60' 
60 
56 

56,87 
.+_6,68 

2.41 
<5% 
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silicosis, all the more because, as many authors have shown [9, 11, 13], the mucoprotein level is raised in silicosis. 
Theobald [12], P. A. Rozenberg and L. A. Zorina [2], and Arato-Sugar [3], have demonstrated a change in the a- 
mount of protein disintegration products and amino acids in silicosis. 

The depolymerization of mucoproteins of various tissues under the influence of silicic acid is a probable cause 
of the increased serum mucoprotein. The process takes place in the presence of cysteine, whose increased amount 
has a great influence on the height of the catalytic wave of the polarogram [5]. Bergstermann [4] considers the 
height of the level of mucoproteins in the serum as a non-specific protective reaction of the organism against the 
injection of a foreign body. The fact that the polarographic wave reamined high in rabbits, even after all inflam- 
mation had subsided indicates that the increase inheight of the catalytic wave in silicosis is a constant phenomenon. 

Our results have demonstrated that the injection of silicic acid alone or of  amorphous silicon dioxide may by 
itself induce the polarographic changes which are always encountered in silicosis, and our results therefore support 
the chemical  theory of the etiology of silicosis. 

S U M M A R Y  
Studies were made of rabbits and rats injected with silicon compounds. 

The polarographic threshold of rabbits receiving intravenous injections of colloidal silicic acid was more 
than 70.24 % higher than that in control animals receiving physiological saline. As compared to the polarographic 
wave in the control animals, the wave in the experimenta ! rats was higher (by 41,7~o in a group with intravenous in- 
jection of silicie acid, by 28.8 % in rats with intraperitoneally administered silicic acid, and by 55.5 a]o in a group 
with intraperitoneally injected SiOz). 

These results support the chemical  theory of the pathogenesis of silicosis. 
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 
ations of the abbreviations as given in the original Russian journal. Some or all of  this  pert- 

pd ica l  l i terature may well  be avai lable  in Eng l i sh  translation. A complete list of the cover-to- 
cover English translations appears at the back of this issue. 
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