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Biochemical changes caused by asbestos
dust in the lungs of rats

described by Zaidi (17). The data for the
fiber size distribution are recorded in
table 1.

Estimation of chemical constituents

Experimental production of asbestosis

The dust was suspended in physiological
saline to give a 0,5 °/0 (w/v) suspension
and was autoclaved at a pressure of 15 lb
for 20 minutes. For each dust 10 male
albino rats, weighing from 150 to 200 g,
from an LT.R.C, animal colony were intra­
tracheally injected with a single dose of
1.0 ml of the sterilized suspension. The
control animals received only saline. The
animals were maintained on a laboratory
stock diet (18) and were sacrified by de­
sanguination after 150 days.

For chemical analysis a weighed portion
of lung was dried at 100'C to a constant
weight and powdered. Fifty milligrams
of the dry pOWder was used for collagen
estimation according to the method of
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MATERIAL AND METHODS

The biochemical aspects of experimental
asbestosis are being studied in this labo­
ratory, especially in relation to the solu­
bility of the dusts under physiological
conditions (8, 9, 13, 15). Lysosomal and
mitochondrial enzymes have already been
found among the targets of the toxic ef­
fect of asbestos (2, 14). 1t was of further
interest to study the effect of asbestos
dust in vivo on soluble enzymes and some
tissue constituents of rat lungs, since this
aspect has not received sufficient atten­
tion, The findings are reported below.

Amosite, anthophyllite, and chrysotile
dust samples with a fiber size below 30 p.
were prepared according to the procedure

1 Industrial Toxicology Research Centre,
Lucknow, India.

Reprint request to: Dr. Qamar Rahman,
Industrial Toxicology Research Centre, Post
Box No. 80, Luclmow- 226001, India.

-50

e

]

a
e
t

I
j

I

,
c
f
\

(



51

a Expressed in grams
b Expressed in milligrams per gram of fresh weight of lungs.

Amosite, Amosite caused an increase in
fresh weight (83 0/0), dry solid eontent
(44 "10), and protein content (35 "10). These
changes were statistically significant (p <
0.1 0J0, t-test). Collagen content per whole
lung showed a 58 0J0 (p < 0.1 0/0) increase.
Similarly expressed in terms of fresh
weight, there was also a 41 °/0 increase.
Hexosamine content indicated a 71 0/0 in­
crease in terms of fresh weight (p < 1 0J0).
Phospholipid, total cholesterol, and free
cholesterol contents did not show any sig­
nificant change.

Anthophyllite. The fresh weight of
lungs, dry solids, and protein did not
show any change in the animals treated
with anthophyllite as compared to the
controls. Similarly the variations in col­
lagen l hexosamine, phospholipid l and cho­
lesterol were not statistically significant.

RESULTS

Chemical constituents

The data for the contents of various
chemical constituents in the asbestotic and
control lungs are recorded in table 2,

vate transaminase (E.C. 2,6.1.2)l alkaline
phosphatase (E.C. 3.1.3.1), and acid phos­
phatase (KC. 3.1.3.2) were determined ac­
cording to Wootton (16). Total protein
was determined, after precipitation with
trichloroacetic acid, according to Lowry
et a!. (7).

Fiber Amosite Anthophyllite Chrysotilelength 0/. 0/. "10,n

<3 21.3 23.3 13.4
3- 5 30.0 34.9 15.7
6-12 30.3 25.7 20.6

13-17 6.1 6.6 13.9
18-24 7.9 5.5 16.8
25-29 4.3 4.1 19.5

Table 1. Percentage of different fiber lengths
in the asbestos dust samples.

Enzyme assay

Stegemann (12) after extraction with ben­
zene. Phospholipids and free and bound
cholesterol were estimated by the proce­
dures described by Wootton (16). Muco­
polysaccharides were estimated as glycos­
amine according to Ashwell (1).

Table 2. The mean ± the standard deviation of six determinations of the gross chemical
changes in asbestotic rat lungs.

Control Amosite Anthophyllite Chrysotile

Animal weight a 180 ± 25 175 ± 24 187 ± 49 172 ± 35
Fresh weight of whole lung b 1.27 ± 0.28 2.33 ± 0.68 1.27 ± 0.33 3.42 ± 1.5
Dry solids b 182 ± 10.5 242 ± 42 204 ± 9.7 228 ± 31
Protein b 99.2 ± 10.5 134 ± 7.4 97.8 ± 3.8 135 ± 3.4
Collagen b 10.9 ± 1.14 15.5 ± 2.6 12.5 ± 1.4 14.9 ± 1.6
Hexosamine b 1.16 ± 0.52 1.98 ± 0.23 1.41 ± 0.41 2.18 ± 0.17
Phospholipid phosphorous b 0.77 ± 0.04 0.66 ± 0.09 0.70 ± 0.09 0.70 ± 0.04
Total cholesterol b 7.25 ± 0.93 9.31 ± 0.12 6.30 ± 0.11 7.61 ± 0.37
Free cholesterol b 5.16 ± 0.72 5.29 ± 0.18 5.14 ± 1.0 4.66 ± 0.37

Another weighed portion of lung tissue
was cut into small pieces and homogenized
in ice cold 0.25 M sucrose solution in a
Potter-Elvehjem glass homogenizer. En­
zyme assays were carried out in the super­
natant after removing the mitochondrial
fraction by differential centrifugation (10).
Hexokinase (E.C. 2.7.1.1.), aldolase (E.C.
4.1.2.13), and lactic dehydrogenase (E.C.
1.1.1.27) were assayed by the procedures
of Crane and Sols (4), Sibley and Lehnin­
gel' (11), and Kornberg (5), respectively.
The activities of glutamic oxaloacetate
transaminase (E.C. 2.6.1.1), glutamic pyru-



Table 3. The mean ± the standard deviation of six determinations of enzymatic changes in
the lungs of the asbestotic and control rats.

DISCUSSION

The present results permit an understand­
ing of some of the chemical changes pro­
duced by asbestos in lungs, and they may
be helpful therefore in understanding the
biochemical basis of toxicity. Anthophyl­
lite did not produce any apparent chem­
ical changes in the present experiment,
whereas the other two forms of asbestos
caused significant alterations. This result
is in agreement with the observation of
differences in chemical composition, solu­
bility, and effect on mitochondrial en­
zymes (2, 8, 9) of this dust as compared
to the other two.

The increase in dry solid content in the
asbestotic lung indicated that relative
water content varied between the control
and experimental animals. Therefore, it
was not considered as a suitable para­
meter for expressing the contents of var­
ious constituents for comparative pur­
poses. In terms of fresh weight collagen
and hexosamine contents were found to
accumulate in the lungs of animals treated
with amosite and chrysotile. This finding
agrees with the observation of reticulin
type fibrosis in animals treated with amo-"

ChrysotUe. The activities of hexokinase,
aldolase, glutamic oxaloacetate transami­
nase, and alkaline phosphatase showed no
change. Lactic dehydrogenase and acid
phosphatase increased by 69 and 84 '/0
(p < 0.1 '/0), and glutamic pyruvate trans­
aminase by 100 '/0 (p < 1 '/0).

Enzymes Il Control Amosite Anthophyllite Chrysotile

Aldolase 58.9 ± 11.1 56.8 ± 11.4 42.8 ± 8.56 55.8 ± 11.2
Hexokinase 177 ± 20 103 ± 35 142 ± 46 201 ± 37
Lactic dehydrogenase 5.50 ± 0.57 8.00 ± 1.44 8.70 ± 1.03 10.4 ± 1.68
Acid phosphatase 2.70 ± 0.41 5.77 ± 0.32 2.41 ± 0.19 4.96 ± 0.51
Alkaline phosphatase 10.7 ± 0.85 10.4 ± 2.90 9.75 ± 0.64 0.02 ± 2.70
Glutamic oxaloacetate transaminase 4.50 ± 0.59 5.0 ± 0.81 3.12 ± 0.74 4.00 ± 0.36
Glutamic pyruvate transaminase 1.46 ± 0.85 1.50 ± 0.20 2.26 ± 0.20 2.03 ± 0.58

Enzyme activities

a Aldolase activity is expressed as ,Ii moles of fructose 1, 6-diphosphate transformed, hexo­
kinase as ,II moles acid labile phosphate decreased, lactic dehydrogenase as ,II moles of reduced
nicotinamide adenine dinucleotide oxidized, acid and alkaline phosphatase as milligrams of
phenol liberated, and transaminases as ,If. moles pyruvate formed per gram of fresh tissue
under the respective assay conditions.

Anthophyllite. The only significant
change was a 58 % increase in lactic de­
hydrogenase (p < 0.1 '/0).

Amosite. Fructose diphosphate aldolase
activity did not show any change due to
"this dust. Lactic dehydrogenase and acid
phosphatase activities were increased by
46 and 114 0/0, respectively (p < 0.1 '/0).
Hexokinase activity tended to decrease by
42 '/0 (p < 1 0/0). Alkaline phosphatase,
glutamic pyruvate transaminase, and
glutamic oxaloacetate transaminase were
unaffected by amosite.

The activities of the various enzymes in
the four groups of animals are recorded
in table 3.
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Chrysotile. The weight of the iung tis­
sue of the animals treated with chrysotile
was 1.7-fold higher than that of the con­
trols. Dry solid content also registered an
increase of 25 u/o. There was a 35 °/0 in­
crease in protein content (p < 0.1 0/0). Col­
lagen content in milligrams per gram of
fresh weight showed a 37 °/0 increase, The
intensity of collagen deposition became
more apparent (2.6-fold increase) when
the values were expressed per lung.

Hexosamine content showed an 88 % in­
crease due to chrysotile, when expressed
in terms of fresh weight (p < 0.1 %).
Phospholipids, total cholesterol, and free
cholesterol did not show any statistically
significant change.
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site (13). In addition to collagen noncol­
lagen protein (total protein-collagen) also
tended to increase. This result may be in­
dicative of the role of extrapulmonary
proteins in the process of asbestos body
formation (3).

The increase in lactic dehydrogenase,
exhibited by all the three dusts, may be
indicative of a metabolic adaptation to
anaerobic conditions as reported for sili­
cosis (6) and may also be related to the
role of macrophages in foreign body re­
action. The changes in hexokinase, aldo­
lase, alkaline phosphatase, glutamic oxa­
loacetate transaminase, and glutamic py_
ruvate transaminase were not significant
enough to suggest metabolic alterations.
Another interesting feature of the find­
ings is that asbestos dusts which inhibited
transaminases and phosphatase activities
of lung homogenate in vitro (9) showed a
different effect in vivo. It may be point~

ed out that unlike the enzymes in the
soluble fraction, membrane-bound en­
zymes of the mitochondria and lysosomes
seem to be the more likely targets of as­
bestos toxicity in vivo (2, 14). Moreover,
the increase in acid phosphatase observed
in the case of animals treated with chrys­
otile and amosite is in agreement with
the results on lysosomal enzymes (14).
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