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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-
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HislOlogical rechl/ique. The animals were anaesthetized with
ether before they were killed, their tracheas exposed and 10
ml. of I5~o formol-saline injected via the tracheas into the
funos. The lungs were dissected free and preserved in 15%
for~ol-saline. Blocks of lung tissue (3 mm.) were cut from the
left and right lung of each animal in a sagittal plane near the
hilum, embedded in wax and sectioned serially (6 IJ.). Two sec­
lions were stained with H & E and another impregnated wilh
ilver."

Grading. The grading of lhe amOUIll and maturity of the
fibrosis produced in the lung was done according to Ro s er
lIl."

RESULTS

Macroscopic examination of the lungs from the different
dust groups showed no outstanding differences during the
experimental period. The dust distribution between the
right and left lungs appears to be rather irregular. Lungs
and lobes containing a high concentration of dust were
partially or wholly collapsed and could not be inflated by
injecting fixation fluid. In such cases the rest of the lung
tissue showed extensive compensatory enlargement. In
general there was an increase in lung size and weight to
such an extent that the normal lung weight was trebled at
300 days. Marked fibrotic areas were visible on the lung
urfaces of some animals, and a few pleural lesions con­

laining pus were found. The lungs of other animals re­
mained mostly soft and pliable.

Microscopic Appearances
The cellular response following the injection of asbestos

and asbestos-quartz mixtures into the lungs of rats consisted
of a typical, severe, foreign-body reaction. Phagocytosis of
the fine particles and short asbestos fibres was attained
quickly and effectively, and at 50 days almost all of these
particles were transported to the vicinity of the bronchioli.
The long asbestos fibres were partially ingested by multi­
nuclear giant cells and retained in those loci where they
were originally deposited. Initially the tissue reactions to
the dust were most prominent in and around the bronchioli
and surrounding alveoli and consisted of alveolar wall
thickening and a slight, diffuse reticulinosis (Fig. I).

Fig. I. Lung section showing numerous macrophages loaded with asbestos
dust in the vicinity of a bronchiole, with alveolar wall thickening and a
diffuse reticulinosis. 50 days after the intratracheal injection of 50 mg. of
natural crocidolite (H & E x 150).

The dust fibres which accumulated in the bronchioli and
bronchi induced metaplasia of the columnar epithelium
and enlargement of the mucous glands with an excessive
mucous secretion. Finally, mucous plaques blocked the air
passages re ulting in lung collapse. Bronchiectasis was
found in several cases during the later stages, and finally
the bronchial and bronchiolar structure was replaced by
massive fibrosis (Fig. 2).

Fig. 2. Lung section showing a bronchiole blocked by a mucous plaque
infiltrated with leucocytes and some disintegration of the bronchiolar wall
with fibrosis. 200 days after injection of asbestos (H & E x 150).

Lung collapse and consolidation were found in some
animals at 50 days and occurred more frequently during
the later stages of the experiments in several animals from
all the dust groups. In these lungs infection, chronic in­
flammation and large amounts of dust were prominent
features. Undoubtedly, the presence of an infection en­
hanced the fibrogenicity of asbestos dust.

A prominent phenomenon associated with the cellular
response to asbestos was the extensive hyperplasia of the
lymphoid tissue of the bronchi which was very marked in
cases with lung consolidation. In the asbestos-quartz
groups the hyperplasia was characterized by diffusely
scattered reticulin nodules with some loosely arranged
collagen strands. A diffuse reticulinosis was also present
in the hyperplastic lymphoid tissue of the asbestos animals.

The fibrosis produced by all four dusts, although not
similar, followed the same trend with time (Table ID. Co­
existent infection, inflammation and consolidation en­
hanced the progressive nature of the fibrosis. It was there­
fore very difficult to as ess the fibrogenicity of asbestos
only, since infection wa present in 75°0 of the cases. In
animals without infection the lesions did not progress be­
yond grade 2 fibrosis even when a large amount of dust
was retained in the lung. The distribution and nature of
the lesions in infected lungs were therefore different to
those found in the absence of infection. In the presence
of an infection massive fibrosis (Fig. 3) predominated,
while in its absence diffuse fibrosis was found, localized
mostly around the bronchioli.

either natural asbe to nor extracted a bestos dusts
produced malignant tumour or neopla ms of any kind.



Fig. 3. Rat lung with infection. showing massive fibrosis (grade V), 400
days after the injection of crocidolite (H & E " 150).

TABLE H. GRADE (G), AMOU 'T (A) Al'o'D TOTAL (T) FffiROSIS PRO­
DUCED BY ASBESTOS, EXTRACTED ASBESTOS, ASBESTOS A 'D

QUARTZ, A D EXTRACTED ASBESTOS AND QUARTZ
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SUM 1ARY

The fibrogenic and carcinogenic properties of suspensions of
freshly milled crocidolite, crocidolite plus quartz, chloroform­
extracted crocidolite and of extracted crocidolite plus quartz
were investigated on the lungs of specially young rats. Each
suspension was administered intratracheally (I ml. containing
50 mg. of dust per mt. normal saline) to 20 rats, and 3
animals of each group were killed at 50, 100. 200, 300 and 400
days after injection of the dust suspensions.

The results indicated that all the dust suspensions induced
a very severe pathological reaction which followed the same
trend in tbe lungs ot all 4 groups of animals. 'either the
primitive oils in natu ral asbestos, containing 3: 4 benzpyrene.
nor the addition of a small amount of quartz to natural
asbestos dust had any profound effect on developing asbestosis
under these experimental conditions. -

The incidence of infection, chronic inflammation, lymphoid
hyperplasia. bronchiectasis and lung collapse was extremely
high In all 4 groups. In the presence of these manifestations

milled natural asbestos dust showed that apart from asbes­
tos fibre, crystals of other unidentified minerals as well as
quartz were present. It might be possible that some mineral
contaminant caused chronic inflammation or that the con­
tinuous irritation of the tissue by the relatively long
asbestos fibres was primarily responsible. However, when
a suspension of short asbestos fibres (80% < 51') was
administered intratracheally, the incidence of inflammation
and infection was higher than in animals injected with
quartz of the same size distribution, but never as high as
in the present experiments. Whatever the cause might be,
these side-effects enhanced the fibrous response due to
asbestos dust.

No relationship has been found between the primitive
oil content of asbestos du t and the grade and amount of
fibrosis produced. The natural dust and the chloroform­
extracted dust gave more or less the same fibrous response.
The addition of pure quartz to the asbestos dust did not
increase the fibrogenicity of the dust mixture, which might
indicate that natural asbestos already had an optimal
quartz concentration.

Although the visceral pleura was involved in the fibrous
response of the lung tissue in some places, DO neoplasms
were found. Harrington" suggested that mesotheliomas
might be due to primitive oils in asbestos dust, containing
3: 4 benzpyrene, but the present experiments indicated
that no malignant tumours were produced by either the
natural asbestos dust or the extracted dust. It was doubt­
ful, however, whether the concentration of 3: 4 benzpyrene
in the primitive oils of asbestos dust was high enough to
induce carcinogenesis in the highly resistant rat species.

It appeared in general that the long asbestos fibres, apart
from their fibrogenic activity, had a specific deleterious,
irritating effect on the columnar epithelium of the bron­
chioli and bronchi resulting in metaplasia. The mucous
glands also become enlarged and were somehow stimulated
to excessive mucous production. Mucous plaques, infiltrated
by polymorphonuclear cells, eventually blocked the air'
passages causing collapse of the lung which in turn pre­
disposed to infection and chronic inflammation. Finally.
the normal bronchiolar structure and the peribronchiolar
lymphoid tissue were obliterated by massive fibrosis. In the
presence of these manifestations a very serious condition
developed which appeared to be fatal. The high mortality
of the animals in the final stages of the experiment might
be due to these complications.
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Pleural fibro is was a quite common finding especially in
cases with infection and chronic inflammation. The fibrous
changes varied from a thin veiling of the visceral pleura to
protruding fibrous nodules.

DISCUSSIO '

Tn a recent tudy it was demonstrated that the fibrogenicity
of pure, very fine asbestos particles, prepared from isolated
and thoroughly cleansed crocidolite fibres, was very low.
producing only a peribronchiolar and perivascular reticuli­
nosis in the lungs of rals.'· In the present experiments,
however. it was found that natural crocidolite was much
more fibrogenic, especially when accompanied by infec­
tion. In the absence of chronic inflammation and infection,
the lesions progressed only to a grade 2 fibrosis, and were
mainly confined to the peribronchiolar and perivascular
tissue.

L = left lung 1T.hese. lungs showed signs of consolidation Wilh
R = right lung - ~
L -;- R ~ left ~ right lung j In ecllon.

The factors inducing chronic inflammation. consolida­
tion and infection could not be determined with certainty
in the pre ent experiments. Microscopic examination of the
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asbestos appeared to be very fibrogenic and produced massive
fibrosis (grade V), whereas in their absence only a grade 2
fibrosis developed.
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PYRIDINE NUCLEOTIDE MICRO-ASSAY BY THE METHOD OF SLATER AND SAWYER
G. H. FINDLAY, CSIR Photobiology Research Group, Section of Dermatology, University of Pretoria

The four reactions which take place in the colorimetric
assay procedure of nicotinamide-adenine dinucleotide by
the method of Slater and Sawyer,' are supposedly linked
as follows:

Once calibrated, the proposed assay method appears to
demand no further precautions. According to the claims of
its authors, there is a direct proportionality between the
colour change and the coenzyme concentration. The time
over which the reaction continues is therefore a matter of
choice. Others have used the method and are evidently
satisfied. In our experience, repeated difficulties led to an
investigation of the theory and practice of the method as
applied to the determination of NAD and NADH.

An investigation into the functioning of the reaction
chain showed the following: The prescribed buffering did
not hold the pH stable in the presence of the other reagents
and tissue extracts. As tlte reaction rate was little altered
between pH 7·4 and 8·1, this inadequacy was of no
consequence. Steps Il - IV were studied by electrometric
titration with pure NADH. Working at pH 7·55 and 24°C,
a simple sigmoid titration curve was obtained with a mid­
point at + 198mV. A linear fall in optical density of the
indicator dye at 600 mp. resulted, 3 p.g. NADH/ml. re­
action mixture approximately being needed to produce a
drop of 0·1 in optical density between 0·8 and zero in a
I cm. cuvette. In the same reaction mixture the absorption
peak of phenazine methosulphate at 388 mp. fell in a not
quite linear fashion to the extent of one-third of the fall
shown at 600 mp. by the indicator dye. These results show
that phenazine methosulphate does not act as a pure
mediator but actually undergoes a net change during tlte
reaction. Unfortunately it does not change in a manner
which would make it a convenient substitute for the reduc­
tion indicator employed. Moreover, it was found that the
admission either of light (photoreduction) or oxygen
(elevation of potential) severely disturbed the linearity of
the change in optical density.

The phenazine methosulphate (Sigma Chemical Co.)
used showed 2 sharp absorption peaks, namely at about

I. NAD-depelldent; ll. Rate deter-
requires alcohol mining step
dehydrogenase

alcohol 11

acetaldehyde f f

Ill. Electron
mediator

NAD llP:,~~~n;te;me-lreduced

Phenazine me­
tho~111""hate;

NADH oxidized

IV. Oxidation­
redut:tion
indicator

~
: 6-dichlorophe·

nol indophenol;
oxidized .

2: 6-dichlorophe·
01 indophenol;

reduced

259-4 and 387·8 mfL. For convenience of measurement

259·5 and 388 mp. were used, the ratio 00... being about
00"..,

0·3 for fresh solutions. Photoreduction of phenazine
metltosulphate by diffuse daylight, acting possibly at 388
mp., caused some lowering of this peak, but a more marked
lowering of the peak at 259·5 mp. also resulted. The above
ratio tlterefore rose. NAOH reduction of phenazine metho­
sulphate produced a steep rise at 259·5 mp. and a milder
lowering at 388 mp., causing a fall in this ratio. These
changes were not affected by subsequent oxygenation, and
the reduction could not be transferred to the indicator dye
if tlte dye was added afterwards.

In contrast to these findings, the indicator dye never
showed a linear fall in optical density with time when
steps Il - IV were coupled with the enzymatic Dart (I) of
the reaction chain, whatever the amount of NAD used
within the test range. Nor was there a linear proportion­
alitv at any given moment of time with the actual amounts
of NAO used. The curves always appeared to be expo­
nential. Furthermore, the NAD to be assayed was not
rate-determining. As the amounts of freshly assayed
alcohol dehvdrogenase per cuvette were increased from
12.500 to 62.500 units, the measured reduction rate was
also found to rise. Since the non-enzymatic Dart of the
chain reaction reauires only a few tens of effective cycles
in part TT of the chain to produce a clear fall in part IV,
as has been shown above. it follows that the enzymatic
part must be operating under an extreme degree' of inhibi­
tion. Because parts Il to IV of the chain show a linear
relationship, it seemed likely that inhibition arose between
parts I and III of the cycle. This was shown to be the
case. By running parts I and II of the reaction with large
amounts of NAD, the formation of NADH, as measured
at 340 mIL in the pre~ence of phenazine methosulDhate,
was aooarentlv stoooed. Inhibition of the enzyme and re­
oxidation of NAOH could both have been responsible.
From other evidence. both must occur. but which possible
forms of ohena7.ine methosulohate bring these effects
about is not known. When tested in a similar way. parts
I and TT of the cycle were unaffected by the presence of
part IV. the reduction indicator.

It seemed worth deriving a function to connect the
mutual effects of those substances which influenced the
reaction rate, viz. enzyme. co-enryme and electron meilia­
tor. Each was varied separately at 3 widely-spaced vet
workable values, in the absence of light and oxygen. The
set of 9 curves thus obta.ined of optical density against




