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Our previous studies, 1!1,l6,l7,IB documented also by other 
authors, 4.S,9.21.23.34 provided support for the assumption that 
lipid peroxidation may be one of quartz dust cytotoxic 
mechanisms in cells and lung tissue. Also, a continuously 
growing body of evidence indicate that antioxidants as 
selenium, zinc, vitamins A, E, and C are either incorporated 
in the biological membranes or/and influence their stability 
through the antioxidative systems, and, thus can provide line 
of defense against peroxidative damage. 6,1,11,24,25,:io,33 The 
involvement of lipid peroxidation in lung tissue and 
macrophage damaging processes promoted by quartz dust 
justify the use of various antioxidants and free radical 
scavengers. 2,19.20,22,21 

The present study was conducted to gain some insight into 
the protective effects of antioxidant agents on experimental­
ly induced by quartz lung changes. 

MATERIAL AND METHODS 
Male rats with body weights about 180-200 g were used in 
three experimental series. 

Experiment 1. Rats were divided into the following six 
groups: 1) Control, intratracheally instilled with 1 ml saline; 
2) Silicotic rats (DQ12), intratracheally instilled with a single 
dose of 30 mg DQ 12 standard quartz dust, particle size 
5 µ (kindly supplied by Prof. K. Robock, Bergbau­
Forschung, GmbH in Essen, West Germany); 3) Selenium­
supplemented (Se) 1 ppm; 4) Selenium-supplemented (Se) 
4 ppm; 5) Se 1 ppm + DQ12; 6) Se 4 ppm + DQ12. 

Experiment 2. Designed to investigate the effects of adding 
Vitamin A (20 mg/kgb.w.), or Vitamin E (40 mg/kg b.w.) 
to 1 ppm selenium, was performed on the following animal 
groups: 1) Control; 2) DQ12; 3) Se + Vitamin A; 4) Se + 
Vitamin A + DQ12; 5) Se + Vitamin E; 6) Se + Vitamin 
E + DQ12. 

Experiment 3. Aimed at evaluating the effectiveness of zinc 
supplementation (18.5 ppm), and of the concurrent ad­
ministration of zinc and selenium (1 ppm), used also six 
animal groups; 1) Control; 2) DQ12; 3) Zn; 4) Zn + Se; 
5) Zn + DQ12; 6) Zn + Se + DQ12. The antioxidants were 
given orally in the drinking water. Rats were maintained on 
antioxidant supplement for 1 month prior to the dust instilla­
tion and 2 months before sacrifice. By the 2 months all the 
animal groups were killed. The lungs and the tracheal lymph 
nodes were removed and weighed. The lungs were exam­
ined for fibrogenesis development and for peroxidative 
damage (experiments 2 and 3). In order to evaluate the 
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severity of fibrogenesis the following biochemical parameters 
were used: lipid, 13.28 phospholipid,31 and hydroxyproline29 
content of the lungs. The degree oflung peroxidative damage 
was evaluated by measurements of malondialdehyde forma­
tion, as an index of lipid peroxidation release, with thiobar­
bituric acid (TBA)-test,32 glutathione peroxidase, GSH­
Px, 14 and glucoso-6-phosphate dehydrogenase, G6P-DH,3 
activities. 

The data are presented as percent of control and of 
DQ12-instilled rats. Statistical intergroup significance were 
performed by using Student's t-test. 

RESULTS AND DISCUSSION 
Experiment 1. Figure 1 shows that under 1 ppm and 4 ppm 
selenium treatment no additional benefit was found in the 
increased by 2 months final lung and lymph node weights 
of silicotic rats. No significant differences were observed 
between the DQ12-instilled and supplemented with selenium, 
and the non-supplemented silicotic groups, except for 1 ppm 
selenium which diminished lymph node weights, but only 
at marginal statistical significance (p <0.05). 

In contrast, both selenium doses markedly reduced 
(p <0.001) lung lipids and phospholipids induced by quartz 
(Figure 2). Selenium supplements exerted the same decrease 
rate (p < 0.001) of lung hydroxyproline in silicotic rats 
(Figure 3). 

Experiment 2. Feeding selenium 1 ppm in combination with 
vitamin A and E did not modify the increased lung weights 
induced by quartz, but significantly reduced (p < 0.01) the 
lymph node weights compared to non-supplemented silicotic 
rats (Figure 4). 

Co-administration of selenium with both vitamins was equally 
effective in decreasing biochemical parameters of lung 
fibrosis,-lipid, phospholipid and hydroxyproline content 
(Figures 5 and 6). However, none of the used antioxidant 
supplements returned the observed changes to control values. 

The TBA levels reported in Figure 7 show a significant 
higher lipid peroxidation in the DQ12-instilled rats. Sup­
plemental to selenium vitamin A and E tended to reduce lipid 
peroxide release, but the decrease was not significant as 
against the silicotic rats. 

GSH-Px activity depicted in the Figure 8 was found to be 
increased in silicotic rat lungs, but no significant response 
was observed compared to control group. The enhanced ac­
tivity suggests an adaptative reaction and may indicate an 
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Figure 1. Lung and tracheal lymph node weights of quartz-treated and Se-supplemented 
silicotic rats. 
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Figure 2. Lung lipids and phospholipids of quartz-treated and Se-supplemented silicotic rats. 
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Figure 3. Lung HYPRO of quartz-treated and Se-supplemented silicotic rats. 
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Figure 4. Lung and tracheal lymph node weights of quartz-treated, Se+vitamin A, and 
Se+vitamin E-supplemented silicotic rats. 
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Figure 5. Lung lipids and phospholipids of quartz-treated, Se+vitamin A, and Se+vitamin 
E-supplemented silicotic rats. 
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Figure 6. Lung HYPRO of quartz-treated, Se+vitamin A and Se+vitamin E-supplemented 
silicotic rats. 
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Figure 7. Lung LIPID PEROXIDES of quartz-treated, Se+vitamin A, and Se+vitamin 
E-supplemented silicotic rats. 
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Figure 8. Lung GSH-Px of quartz-treated, Se+vitamin A, and Se+vitamin E-wpplemented 
silicotic rats. 

increased demand of die enzymatic activity to cope with tissue 
peroxidative damage. An inverse relationship between lung 
GSH-Px activity and lipid peroxidation in selenium + 
vitamin A and E-supplemented silicotic rats was observed. 
However, this effect was not significant compared to 
DQ12-instilled rats. G6P-DH exhibited a significantly higher 
(p <0.001) activity in the silicotic rat lungs versus of the 
control group. Addition of both vitamin combinations 
significantly lowered the enzyme activity by the 2 months 
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when compared to non-supplemented silicotic rats (Figure 
9). The reason of the increased enzyme activity in silicosis 
might be due to the stimulation of the pentoso-phosphate 
pathway by supplying NADPH for "de novo" lipid biosyn­
thesis and for glutathione redox cycle. Antioxidants exerted 
a beneficial effect on this metabolic point as demonstrated 
by die previous Figure 5 showing a reduced rate oflung lipids 
in antioxidant supplemented silicotic rats. 
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Figure 9. Lung G6P-DH of quartz-treated, Se+vitamin A, and Se+vitamin E­
supplemented silicotic rats. 

Experiment 3. No response in case of treatment with zinc 
and zinc + selenium was noted in lung weights of silicotic 
rats; however, the lymph node weights were found to be in­
creased (Figure 10). In terms of biochemical lesions, zinc 
supplementation resulted in a significant decrease of lung 
lipid, phospholipid and hydroxyproline content (Figure 11 
and 12). Concurrent administration of zinc and selenium 
showed the same pattern, except for lung lipids whose values 
did not differ from 1hose of silicotic non-supplemented group. 

Lung lipid peroxides of silicotics were significantly increased 
(p <0.01) when zinc was supplemented, while zinc + 
selenium combination alleviated this effect. The failure of 
zinc to decrease lipid peroxidation induced by quartz dust 
might be explained by the reported bimodal response of this 
element in vivo: low doses inhibit, but higher doses enhance 
lipid peroxidation. B,26 Most probably, the applied dose of 
18.5 ppm zinc, though is considered to be physiological and 
non-toxic, under our experimental conditions was high 
enough to increase lipid peroxidation compared to control 
and silicotic rats. 

Lung GSH-Px activity of silicotic rats kept on zinc showed 
a slight non-significant increment running in parallel with 
the observed lipid peroxide excess. Adding selenium to zinc 
resulted in an unexpected decline of this selenium-<lependent 
enzyme at the borderline significance (p <0.05). 

Enhanced G6P-DH activity observed in silicotic rats was 
decreased by zinc supplementation to values significantly 
lower (p <0.001) when compared to non-treated 
DQ12-instilled animals. Co-administered selenium to zinc 
failed to exhibit synergistic effect, the enzyme activity be­
ing reduced with a lower significance rate (p < 0.01). It 

is worth mentioning that the less pronounced effect of 
selenium in the presence of zinc supports the opinion that 
the biological role of the former might be diminished by its 
direct binding to the ionized zinc. 12 Consequently, a 
decreased availability of selenium to antioxidant enzyme 
systems occurs. 

The design of our experiments does not allow a detailed 
discussion on the mechanisms of the antioxidant effects on 
silicosis. We can only speculate that selenium, vitamin A 
and vitamin E as well as their combinations act mainly on 
the course of inflammatory events preceding fibrosis, by trap­
ping the formed free radicals, and, thus, preventing lipid 
peroxidation. Zinc, element with a broad range of biologic 
activity, though is a co-factor of the scavenging free radical 
metallo-enzyme superoxide dismutase, impairs mainly col­
lagen synthesis and processing. 

Our results confirm the reported previously protective ef­
fect of zinc with respect to induced by quartz lung collagen 
accumulation. The beneficial effect of zinc was explained 
by the interference with macrophage functions, having no 
direct effect on collagen deposition. 10 Recent evidence, 
however, indicates that zinc bas a direct and selective preven­
tive effect on rat lung collagen accumulation by inhibiting 
procollagen hydroxylation.' 

In conclusion, our results give support to the hypothesis that 
the peroxidative damage plays an important additional role 
in the fibrotic action of quart2 dust. One of the most signifi­
cant findings in this study is that under antioxidant treatment 
silicotic fibrosis was diminished. Therefore, given correct 
concentrations, these antioxidants appear to be beneficial, 
as prophylactic and therapeutic agents in silicosis. Since the 
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Figure 10. Lung and tracheal lymph node weights of quartz-treated, Zn and Zn+Se-
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Figure 11. Lung LIPIDS and PHOSPHOLIPIDS of quartz-treated, Zn and Zn+Se­
supplemented silicotic rats. 
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Figure 12. Lung HYPRO of quartz-treated, Zn and Zn+Se-supplemented silicotic rats. 
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Figure 13. Lung LlPID PEROXIDES of quartz-treated, Zn and Zn+Se-supplemented 
silicotic rats. 
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Figure 14. Lung GSH-Px of quartz-treated, Zn and Zn +Se-supplemented silicotic rats. 
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applicability of our findings to humans can only be speculated 
upon at this time, it is suggested that a clinical trial with an­
tioxidant supplements to silicotic patients will have a similar 
effect. 
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