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THE IN VIVO EFFECT OF QUARTZ AND CARBORUNDUM DUSTS ON THE ACTIVITY
OF CYTOCHROME C OXIDASE AND THE DNA CONTENT OF RAT LUNG TISSUE
F. M. ENGELBRECHT AND S. C. BURGER. CSI R Tissue Damage and Cell Metabolism Research Unit, Department of

Physiology, University of Srellenbosch

In vitro studies have shown that silicous materials inhibit
the activity of succinic dehydrogenase,)" succinic oxidase"'"
and cytochrome oxidase.' Recently, however, KiIroe-Smith
and Breyer' showed that quartz dust caused significant in
creases in the activities of both succinic dehydrogenase and
succinic oxidase in lung tissue, whereas no significant
change was found in the activity of cytochrome oxidase in
vivo.

The intratracheal administration of a dust suspension is
followed by a foreign-body reaction involving numerous
cells of varying types. The enzyme concentration and meta
bolic rate of these cells might differ widely from those of
lung tissue. An increase in the activity of some enzymes
may therefore not be due to the stimulating action of a
specific dust but rather to the vast number of cells con
centrated in the lung as part of the foreign-body reaction.

To assess the specific effect of a particular dust on the
cytochrome oxidase activity of lung tissue in vivo, the in
fluence of a cytotoxic, fibrogenic quartz dust and a non
fibrogenic carborundum dust was investigated.

MATERIAL A1'o'D METHODS

Young male albino rats weighing 200 - 250 G were used. These
rats were divided into 3 groups; a control group, a quartz
group and a carbomndum group.

Dllst Samples
Quartz dust was prepared by grinding rock crystal for 60

hours in an electrically driven agate ball-mill until most par
ticles had a size of less than 5 IJ..

Abrasive carborundum (FFF) was repeatedly resuspended in
distilled water and the supernatant centrifuged until a dust
sample was obtained which had a size distribution approximat
ing that of the quartz dust.

Dust suspensions (50 mg. / m!. isotonic saline) were prepared,
sterilized and administered to the 2 groups of rats via intra
tracheal injection in doses of 50 mg. per rat.

Investigations
Two rats per group were killed at predetermined intervals

(Table I), their lungs removed, weighed and homogenized at
5 - 10°C in a Waring Blendor for three 15-second periods. The
following determinations were done on the homogenates:

DNA coment. D lA extracts were prepared from the homo
genates by a modified method (see below), developed from the
technique of Schmidt and Thannauser" as described by Logan
er al.,' and the actual D A content of the different extracts
was measured spectrophotometrically:

1. Homogenize lung tissue.
2. Make a 10% homogenate in 0·9% NaC!.
3. Centrifuge 5 m!. of homogenate for 30 mIn. at 3,500

Lp.m.
4. Add 10 m!. 10% TCA to residue, wash and centrifuge

for 5 min.
5. Wash residue 3 times with ethanol/ether (3: I); centri

fuge for 10 min. and dry residue in air.
6. Hydrolyse residue with 5 mI. I N-KOH for IS hours at

3rc.
7. Add 5 m!. cold 100

0 TCA in I N-HCI to hydrolysate:
centrifuge for 30 min.

S. Wash residue with 5 m!. cold 5~~ TCA; centrifuge for
10 min.

9. Extract residue with 5 m!. 5% TCA in a waterbath at
90°C for 10 min. (also blank and standard DNA solu
tion of 0·02 mg. DNA/m!. 5% TCA); centrifuge for 10
min. (~supernatant=extract I).

10. Repeat extraction procedure on residue (step 9)
(~supernatant=extract 2).

Extracts I and 2 were pooled, diluted, and the DNA content of
the resulting extract determined by ultraviolet absorption at
265·5 m,Lt. The DNA content of the lung tissue is expressed in
mg. DNA/G wet tissue.

Cytochrome oxidase activity. The cytochrome oxidase acti
vity of the different homogenates was determined simul
taneously and in triplicate in a Warburg apparatus at 3SoC
over 1 hour, using air as gas phase.

The main compartment of each Warburg flask contained:
\·50 m!. O·IM Na,HPO,.2 H,O buffer solution (pH 7·3), 0·35
m!. 4 mM AlCI,.6 H,O, 1·00 m!. 0·1 mM reduced cytochrome
c (Kilroe-Smith and Breyer'), and 0·30 m!. 10% homogenate in
0·9% laC!. 0·35 m!. sodium ascorbate substrate was placed in
the side-arms of the reaction flasks. The Vf was therefore equal
to 3·5 m!.

To compensate for auto-oxidation of the suspension medium,
3 flasks contained boiled homogenate. Two flasb contained
suspension medium only and acted as thermobarometers to
compensate for temperature and barometric changes during
the run of the experiment.

After an equilibration period of 5 minutes the sodium ascor
bate was tipped from the side-arm containers into the main

TABLE I. CYTOCHROME OXIDASE ACTIVITY AND DNA-CONTENT OF LUNG TISSUE OVER A PERIOD OF 90 DAYS FOLLOWING INTRATRACHEAL
ADMINISTRATION OF DUST SUSPENSIONS OF CARBORU DUM AND QUARTZ

Cytochrome oxidase activity (QO. mg. wet tisslle) mg.(DNA/G wet IlIng tisslle

Days
2
4
S

12
16
20
30
60
90

COlltro!
5·72
4-48
4·92
5·40
5·]7
5·14
6·16
4·31
5·38

Carborundllm
10·07
4·79
6·05
5·90
5·45
4·98
6·05
5·31
6·22

% deviation
from contra!

+ 76·0
+6·9

..L22·9
..L9·3
-5-4
-3,1
-1·8

..L23·2
+15·6

Quartz
7·36
4·52
4·89
4·65
4·66
4·32
4·89
3·06
2·74

%deviation
from contra!

+28·7
+0·89
-0·6

-\3·9
-9,9

-\5·95
-20·6
-29·0
-49·\

COlltro!
7·1
6·9
7·6
7·5
7·5
7·3
7·3
6-4
6·6

Carborllndll/11
7·9
6·2
6·6
8·\
7·2
6·9
7·6
8·2
8·1

Quartz
6·2
5·5
5·9
6·0
5·0
5·7
5·5
5·6
3·9

Control---carborundum
Control---quartz
Carborundum- -quartz

P < 0·001
P < 0·001
P < 0·001



5 November 1966 S.A. TYDSKRIF VIR GENEESICU TOE

(Byvoegsel-Suid-Afrikaanse Tydskri{ vir LaborQlOriutn- ell Klilliekwerk)

975

LKW67

widely. In the lignt Qf this, the pronounced increase in the
cytochrome oxida e activity over the first 20 days after
intratracheal adrninistration of both dusts (Fig. 3) might be
due to foreign phagocytic cells, with relatively small nuclei
and a large amount Qf cytoplasm, concentrated in the lung,
and not necessarily to the direct stimulating effect of the
dusts on the respiration rate of lung cells. Whatever the
case may be, the increased cytochrome oxidase activity
during the acute in ftammalOry phase could not be con
cerned with the proliferation of connective tissue because,
of the 2 dusts, ca.cborundum had a more marked stimulat
ing effect but did not produce fibrosis in the lungs of rats.

90

~aUQrtl:

__Cor corundum

__ Corborun(lum

0-----...0 Quart:

60
DAYS

'024 & 12 16 20

-20

-'0

+60

+20

-50

-<a

compartments of the fla.sks and readin~s were taken after a fur
ther equilibratIOn penod of 10 mInutes. The cyt?chrome
oxidase activity of each homogenate was calculated III terf?s
of oxygen uptake (I) per mg. wet tissue per hour (QO,) and (l)
per mg. DNA (QO,/mg. D A).

RESULTS AND DISCUSSION

The lung tissue of both the quartz- and carborundum
lreated animals showed an initial elevation in cytochrome
0xidase activity (Table I, Fig. I). This increase was more
prominent in the lungs of animals injected with carborun
dum dust. Except on 2 occasions (20th and 30th day) the
~ytochrome oxidase activity of the lung tissue of the car
,orundum group was significantly higher over a period of
)() days than that of the control group.

The cytochrome oxidase activity of the quartz lungs de
:reased gradually up to 90 days after an initial increase

ver the first 4 days. Quartz, a highly fibrogenic dust com
pared with inert carborundum, therefore caused a signifi
:ant over-all decrease in enzyme activity.

The DNA content of the control group remained rela
:Ively constant throughout the experiment. The DNA
alues of the carborundum lungs showed a similar ten

dency to the cytochrome oxidase activity and was signifi
cantly higher than the control values except on a few occa
·ions. The D TA content of the quartz lungs was signifi
antly lower than that of both the carborundum and con-

trol lungs (Fig. 2). At 90 days after administration of
quartz the D A content of lung tissue was only half of
the normal control value.

When the cytochrome oxidase activity is expressed as
QO,/mg. DNA (Table II, Fig. 3) both quartz and carbo
rundum caused a relative increase in the cytochrome
oxidase activitv over the first 20 days followed by a slight
non-significant· decrease. In terms of the DNA content, the
effect of quartz and carborundum on the cytochrome oxi
dase activity of lung tissue was very similar.

TABLE 11. CYTOCHROME OXIDASE ACTIVITY OF LU 'G TISSUE
EXPRESSED AS QO.!mg. DNA

% deviation % deviation
Days Control Carborulldum from control Quartz from control

2 806 1,275 ,58'19 1,189 +47·5
4 649 755 + 16·33 825 +27·12
8 648 916 +43·36 828 +27·8

12 720 728 -1,1 759 +5·4
16 689 757 -9,9 932 +35·3
20 704 721 -'-2'4 759 -7·8
30 844 796 -5,7 889 -5,3
60 673 648 -3·7 546 -18,9
90 815 769 -5·6 702 -13,9

The D A content of a tissue is only a reflection of the
relative number of cells, while the cytochrome oxidase
activity is an indication of the metabolic rate of the cells.
Carborundum caused an increase in DNA content and
cytochrome oxidase activity and therefore apparently an
increase in the number of cells and their respiration rate.
Quartz, on the other hand, had a similar initial effect but
ubsequently the DNA content as well as the cytochrome

oxidase activity was gradually lowered, indicating that the
number of cells was eventually reduced and replaced by
g~ound substance and fibrous tissue.

It is well known that the cytochrome oxidase activity of
different cell types in relation to their D A content differs
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Fig. 1 (Top). Cytochrome oxidase activity of lung iissue
(QO,/m~. wet li SUe).
Fig. 2 (Middle). D A content of lung tissue (mg. DNA/G
wet tissue).
Fig. 3 (Bolloll7-). Cytoch rome oxidase aClivity of lung
tissue (QO,/mg. D lA).

P < 0·001
P < 0·001
P < 0·01

Control-carborundum
Control-quartz
Carborundum-quartz

- ~ I
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Considering these findings, the results of Kilroe-Smith and
Breyer,' that the cytochrome oxidase activity of lung tissue
of animals dusted with quartz was unaltered, but that the
succinic dehydrogenase and succinic oxidase activity in
creased, are difficult to evaluate.

Our results indicate in general that quartz dust markedly
reduced the DNA content and the cytochrome oxidase
activity of lung tissue and therefore also the number of
cells. The mechanism of this cell destruction is not clear
but in the light of the findings of Engelbrecht and Burger'
it might be due to the cytotoxic action of silicic acid induc
ing cell hypoxia. These workers found that polymerized
silicic acid inhibited cytochrome oxidase activity in vitro,
both in liver homogenates and Keilin and Hartree prepara
tions.

SUMMARY

The effects of quartz and carborundum dusts on the activity of
cytochrome oxidase of rat lung tissue were investigated over
a period of 90 days after intratracheal administration (50
mg./m!. suspension).

The results indicate that the non-fibrogenic carborundum
dust caused an increase of the cytochrome oxidase activity per
unit weight of tissue, while quartz, a very fibrogenic dust,
lowered the activity of this enzyme significantly. The D A

content of the carborundum and quartz lungs followed the
same trend as the cytochrome oxidase activity. When the cyto
chrome oxidase activity is expressed in terms of QO,/mg.
DNA, both dusts caused an initial stimulation of the cyto
chrome oxidase system over the first 20 days, followed by a
non-significant decrease. The initial stimulatory effects of these
dusts could not be concerned with the proliferation of fibrous
tissue.

Judged by the effects of a highly fibrogenic quartz dust on
t~e cyt?chrome oxidase activity and t~e DNA content of lung
tissue, Il would appear that fibrogenesls due to pneumoconiotic
dusts is preceded by an excessive cell destruction. The cytotoxic
action of fibrogenic dusts in vivo might primarily be due to
their influence on the cytochrome oxidase system of the cells.
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EXPERIMENTAL STUDIES ON ASBESTOS: PART II
F. M. ENGELBRECHT, CSIR Tissue Damage and Cell Metabolism Research Unit, Department of Physiology,

UniversiTy of Stellenbosch

scopic analysis of the dust sample indicated that it consisted of
asbestos fibres (0·5 - 200 Il) and unidentified non-asbestos mate
rials.

Twenty grams of the natural crocidolite sample were ex
tracted with chloroform under reflux for 24 hours to eliminate
the primitive oils containing benzpyrene. After drying in an
oven for 24 hours at 100°C, 3 G of natural and 3 G of the
extracted material were weighed out and ground separately in
a ball-mill for 6 hours.

Quartz dust was prepared from pure rock crystal, supplied
by the Department of Geology, University of Stellenbosch.
The size distributions of the particles in the quartz and croci
dolite samples are given in Table I.

TABLE I. SIZE DISTRIBUTION OF PARTICLES OF CROClDOLITE
AND QUARTZ

The following dusts and dust mixtures were used: (I)
Natural crocidolite, (2) extracted crocidolite, (3) natural croci
dolite + quartz (75: 25), and (4) extracted crocidolite + quartz
(75: 25).

Dust sllspension. Samples of 1·25 G were weighed out from
each dust and dust-mixture into screw-capped bottles, 25 m!' of
0·9% sahne added and the suspensions sterilized by autodaving
for 20 minutes at 15 lb. pressure.

Animals. Specially young albino rats (RatfUs norvegicus,
Wistar Institute) weighing 150 - 175 G were used. Four groups
of 20 ammals each were injected intratracheally'· with the
respective dust suspension.

The experiments lasted 400 days and 3 rats from each group
were killed at 50, 100, 200, 300 and 400 days. A few animals
were lost immediately after injection, possibly due to airway
obstruclIon caused by dust aggregates. A few more animals
d!ed during the experimental period, and their lungs were
dIscarded after postmortem examination.

Several clinical reports'" incriminate asbestos dust as a
possible factor in the aetiology of mesothelioma and malig
nant tumours of the lung. In experimental studies no con
clusive evidence has been found to support the clinical
c1aims.'·'· Recently, however, Harrington" pointed out that
amosite and crocidolite asbestos are rich in primitive oils
containing 3: 4 benzpyrene and related carcinogens.
Although the concentration of these carcinogens in asbes
tos dust is extremely low compared with that in coal dust,
no other reasonable explanation has been offered for the
high incidence of cancer in asbestos workers.

In a recent experimental study'· it was shown that the
fibrogenicity of pure, fine, crocidolite particles is extremely
low, producing only a grade I fibrosis in the lungs of rats,
220 days after intratracheal administration of 50 mg. of
dust. As weathered crocidolite was used, no information
regarding the carcinogenic properties of this dust could be
obtained. It was therefore decided to reinvestigate the
fibrogenic and carcinogenic properties of freshly milled
crocidolite.

A long-term experiment was therefore planned to com
pare the histopathological response of rat lung tissue to
natural crocidolite and crocidolite from which the carci
nogen was extracted with chloroform. As it was demon
strated previously'· that a small amount of quartz en
hanced the fibrogenicity of pure asbestos in the lung, the
influence of quartz added to both the natural and ex
tracted crocidolite samples was also studied.

MATERIALS AND METHODS

Dusts. Milled crocidolite (Cape blue asbestos) was obtained
from the North-Western Cape (Kuruman) through the South
African Institute for Medical Research, Johannesburg. Micro-

< 5 Il
5 - 25 Il
> 25 Il

Crocidolite
%
85
14
I

Quartz
%
90
10
o




