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INTRODUCTION

Inhalation of silica can lead to chronic inflammatory in-
terstitial lung injury susceptible to progress to silicosis with
clinical expression.

The modem theories about pathogenesis of silicosis are clear-
ly synthesized by Davis? and consider that the silica-laden
alveolar macrophages maintain vublhty and phagocytotic
ability and once activated by the noxious dust produce pro-
inflammatory mediators which are able to initiate the disease
pathogenic pathways, such as interleukin, chemotaxis,
macrophage derived growth factor.

The alveolar macrophage of these patients is also able to
release or provoke the releasing of Paf-acether!® and
histamine mediators that also interfere in the disease process.

As the silica is indestructible and the lung tissue clearance
of silica dust is very slow* the chronically activated silica-
laden macrophages perpetuate the inflammatory process,
continuously releasing the above mentioned mediators.

In these patients, besides the inflammatory process, there
are immumologic mechanisms locally expressed by an in-
creasing in the T-lymphocytes. 3717

All these facts suggests the existence in the chronic silica
exposed workers of an alveolitis what had been confirmed
by different authors!412.7.13 and evoke the interest of the
bronchoalveolar lavage in their study.

In this article we studied a group of 34 long-term silica-
exposed workers with a broad spectrum of disease manifesta-
tions through clinical chest X-ray, Functional and Bron-
choalveolar lavage fluid investigations in order to achieve
a better comprehension of the disease pathogenesis and
evaluate the eventual correlation between the BAL data and
clinical manifestations.

MATERIALS AND METHODS

Patients

Thirty-four patients were studied being 27 males and 7
females with ages ranging between 31 and 78 years old X
= 48 1 13). Fifteen of the patients were smokers and none
of them had previous history of any other pulmonary disease.
All were current workers in industry with exposition at least
in the week prior to evaluation.
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As generally accepted’ the diagnosis of silicosis was based
on a history of a prolonged exposure to silica dust and a chest
X-ray showing shadows compatibles with silicosis in category
1 or above according to ILO classification.8

All patients were submitted to a standard posterior anterior
chest X-ray, read by 3 observers according to JLO classifica-
tion and to a functional study by global body plethys-
mography.

The patients were divided in two groups. The group I,was
composed of 22 patients without or only with bronchial com-
plaints, radiograph of the category 1 and normal functional
tests or with a mild obstructive syndrome. The group II was
constituted by 12 patients with complaints suggesting in-
terstitial involvement, chest X-ray above category 2 and fre-
quently with coalescence of lesions and functionally with
volumetric restriction.

Controls

As controls we used 6 normal volunteer without exposition
to silica containing dust, with a distribution by sex and ages
similar to patients. Two of the controls were smokers.

Bronchoalveolar Lavage (BAL)

The BAL procedures and analyses have been previously
described.!! Briefly bronchoalveolar lavage was performed
by slow infusion of 4 X 50 mi 37°C aliquots of saline solu-
tion through a 50 ml Luer-lock Syringe attached to the bron-
chofiberscope, followed by gentle syringe aspiration of the
effluent. The BAL was performed in one of the middle lobe
sub-segments.

After remotion of mucus cells were counted in a
hemocytometer and cytocentrifuge smears were prepared and
stained by May-Grunwald Giemsa for identification of the
cellular population.

The cellular pellet was obtained by centrifugation, 500 G
at 40°C during 20 minutes, washed twice with PBS solution
and resuspended in PBS solution at the final concentration
of 5 X 108 cells/ml. Then the T-Lymphocytes and its sub-
population were characterized by indirect im-
munofluorescence after banding to specific monoclenal
antibodies.

The BALF supernatants were concentrated 25 folds by
ultrafiltration and the IgA and IgG dosed by radial im-
munodifusion (Mancinni technique).



In order to evaluate the eventual modification of the surfac-
tant in patients and the release of active lipidic molecules,
the lipidic composition of the supernatants of 8 of the pa-
tients and 4 controls were studied by thin layer
chromatography and phosphorous analysis® and the
etherlipids and Lyso-Paf-acether were assayed by washed
rabbit platelet aggregability, method of Benveniste.2

RESULTS

The chest radiographs were classified in catégory pl in 65%
of the patients and in above categories in 35% of the cases.
Fifteen per cent of the patients presented coalescence of
opacities and 30% stated hilar involvement (Table I).

The ventilatory tests were normal in 41% of the patients;
32% had obstructive syndromes, 19% restrictive syndromes
and 14% combined ventilatory syndromes (Table II).

Under the defined criteria 65% of the patients must be in-
cluded in category I and 35% in category 1I.

From the analysis of the cellularity of patients BAL effluents
appears the increasing number of cells per ml, statistically
significant in category II patients (Table III).

In this category of patients is almost constant the existence
of an alveolitis depending on an increasing of the
macrophages and Lymphocytes, mainly of these last ones
which are 9 folds above the normal values. It appears also
that even in category I there is a significant increase of the
number of lymphocytes. Finally the number of cells,
macrophages and lymphocytes is significantly higher in
category II patients than in category I.

The analysis of the lymphocytic populations through
monoclonal antibodies shows in category II a significant in-
crease of the T lymphocytes, T helper lymphocytes and much
more striking of the T suppressors. However percentually
there is a decrease of the T helper and increase of the T sup-
pressors leading to an inversion of Ty/T, ratio (Table IV).
The increasing of T suppressors and the inversion of T,/T,
ratio is also evident in category I patients.

The IgA is slightly and the IgG significantly higher among
patients of category II than of category I (Table V).

The analysis of the lipidic composition of surfactant makes
evident a significant diminishing of the phosphatidylcholine
among patients, correlating inversely with the numbers of
macrophages and lymphocytes (Tables VI and VII).

In none of the studied BAL effluents Paf-acether was found.
However in the patients there was a significant increase of
its percursor the Lyso-Paf-acether as compared to normal
controls and an exponential correlation with the number of
lymphocytes was found in patients (Table VIIT). No correla-
tion between Lyso-Paf-acether and phosphatidylcholine rates
was found.

DISCUSSION

From the results of BAL studies of workers exposed to silica
we had stmdied, appear that the composition of lower
respiratory tract fluid clearly reflect the clinical spectrum
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of the respiratory disease caused by chronic inhalation of
silica containing dust.

Table 1
Chest Radiographs
P = 1 seeverrriiiniciniiiiiicinneniss 65%
P > 1 cissneinniiirsriansiiiinniiraee 35%
CONFLUENCE  sviaanvannsnnnnnannrssssaannss 15%
RL  aiidissrsnnraesesrerrirrriiraessass 30%

Really it had been in BAL effluents of category II patients
that we had found the most impressive increasings of im-
munological and inflammatory effectors cells and it had been
in the patients with alveolitis that the ventilatory impairment
is more frequent and important.

These data are in agreement with those referenced in
literature reporting either to cases with history of exposition
but without disease, either to complicated forms of silicosis,
being possible, in both cases, to disclose the existence of an
alveolitis, 35

Once more the central role of Alveolar Macrophage in the
chronic inflammatory lung process remains evident through
its potent immuno-modulatory action, its capacity of secret
fibro regulatory compounds® 1912 and Paf-acether, once ac-
tivated by occupationally relevant stimulus.!-15.18 Indeed in
category II patients there is a significant increase of the A.M.
number and in both categories signs of cellular activation:
increased number of A M. with two or more nuclei and of
foamy cells, spontaneous formation of rosettes A.M.—
Lymphocytes and a percentage of giant cells above 2%.

This evidence of activation becomes more important once
accepted the hypothesis that the silica stimulated A.M.
releases in vivo I1;. Then the T-lymphocytes activated by
11, enhances the secretion of macrophage activating factor,
migration inhibition factor and other molecules leading to
the recruitment of peripheral blood monocytes and to the pro-
liferation of resident macrophages, amplifying and
perpetuating the local inflammatory response, even after
ceasing of the silica containing dust exposition.!? This
hypothesis is also corroborated by the increased number of
OKM, positive cells we had found in BAL fluids of patients
with occupational respiratory diseases caused by mineral con-
taining dust inhalation.$

Another important fact to be stressed is the evidence of local
cellular and humoral immune abnormalities in silicotic

patients.

It is reasonable to think that the T lymphocyte stimulated
by the activated A.M. releases Il, leading to a T-helper local
proliferation. Simultaneously the A.M. also perhaps secret
molecules with inhibitory functions causing an increasing in
the number of T suppressor cells'? with the objective of
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OBSTRUCTIVE

Table 11
Ventilatory Function

NORMAL RESTRITIVE COMBINED
Table I
Number of Cells x 10¢/ML
TOTAL CELLS MACROPHAGES LYMPHOCYTES

CATEGORY |

n=06
CATEGORY I1
n=206

CONTROLS

n=6

16,7+ 7,7

44,7 414,5

17,44+ 4,1

13,4+ 6,9

28,64+13,4

15,8+ 3,8

3,742,2

15,145, 3

1,6+0,6

CONTR.-CAT. |
CONTR.~-CAT.11
CAT.I - CAT.II

N.S.
P < 0,001
p< 0,001

N.S.
P < 0,05

p < 0,001

p < 0,02
P < 0,001

P < 0,001

N.S.
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Table IV
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T-Lymphocytes (Cells X 10%/ML

T3 Ty Tg Ty/Tg
CATEGORY 1| 14,5+10,2|10,2+ 5,7 [16.1+ 7.6| 0,8+0.4
n==60
CATEGORY 11 106,14+34,7 [37,74+14,1 |64, 4+26,6| 0,64+0,2
n==5§5
CONTROLS 10,9+ 3,4| 6,6+ 1,9 4,1+ 1,3| 1,6+0,1
n==§
CDNTI-CATI I NlSl NISI P < 0,01 P e 03001
CONT.-CAT, 11 Pp< 0,001 p < 0,001 P < 0,001l p< O,001
CATnl-CATIII P< 0’001 P<0,01 P<0,01 N:S.

T - STATISTIC ANALYSIS

braking the immune local reaction. In mild forms of disease
this equilibrium seems to be sufficient.

In complicated silicosis there are simultaneously increased
number of T helper and T suppressor cells and it is possible
to speculate that these immunoabnormalities contribute to the
pathogenic mechanisms.

The modifications in the composition of surfactant
phospholipids suggest that silica, through its cytotoxic ac-
tion, damage the type II Pneumocyte with perturbation of
normal surfactant functions. Once that it seems?C that the

surfactant improves the mucus transport in airways, it is
possible that this is one of the responsible mechanisms for
the high frequence of bronchial complaints among silicotic
patients. This hypothesis is reinforced by the data of the Loui-
siana study on workers with complicated silicosis in which
increasltid number of type II Pneumocyte in lavage were
found.

Although Paf-acether wasn’t found in lung lavages of pa-
tients our data provides some evidence of an activation of
the Paf-acether pathway based in the great increase in Lyso-
Paf-acether rates (percursor of Paf-acether) and its correla-
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Table V
Immunoglobulins
I=G I=A
CATEGORY 1 2,3+2,6 2Z,14+2,.8
n=5bt
CATEGORY 11 7 s5+4,3 2,0+4+0,7
n=60
CONTROLS 1,1+1,1 0,740,8
n=6
CONTR.-CAT. 1 N.S, N.S.
CONTR,-CAT., 11 p <0,001 P <0,02
CAT.I -CAT.I1 P <0,05 N.S.

T - STATISTIC ANALYSIS

Table VI
Surfactant Phospholipids

PHOSPHOLIPIDS
TOTAL Mg /mlL

PHOSPHA}'%I)) ILCHOLINE

CONTROLS

2S5 .447,8

28.24+5.9
Sl'.

SILICOSIS

21.64+4.0

16.5+3.6

s-l
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-‘Table VII
Surfactant Analysis
MA, X 10%/m1 LYMPH,
x 10%.m1 6{
5t
41
31
r =0,93
2 g
r< 0:02
1%
L . 4 0 - . N N P
S 10 15 20 25 30 5 10 15 20 25 30
% PC % PC
Table VIII

LYMPH.

A i A

20 40 60 80 100 120 130 123 /100m1 LYSO-PAF
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tion with the number of lavage lymphocytes. This hypothesis
is reinforced by our previous demonstration that the A.M.
of patients with occupational diseases caused by mineral con-
taining dust releases, in vitro, Paf-acether when stimulated
by the responsible dust through a mechanism uncompletely
understood. 'S However we think that the above mentioned
mechanism of perpetuation of the A.M. activation plays an
important role in the synthesis of this lipid mediator,

Once admitted that in silicosis there is, in vivo, a chronic
secretion of Paf-acether certainly it will play a role in the
clinical picture of these patients either through its proinflam-
matory or bronchoconstrictive effects.!-18

In conclusion in silicosis there are, almost constantly,
modifications in the composition of the lower respiratory tract
fluid and the degree of alveolitis correlate reasonably with

_the gravity of disease, the complaints and the functional
defects.

Moreover from the obtained data arises the central role of
perpetually activated alveolar macrophage in Silicosis
pathogenesis, either through the secretion of mediators, either
to it ability to modulate other cells. Among these ones
emerges the T-Lymphocyte and its subclasses importance.
Finally the role of type I Pneumocyte must be referred due
to its function of surfactant secreting cell,
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. INTRODUCTION

The Occupational Respiratory Diseases (O.R.D.) are
nosological entities for which it is possible to find a rela-
tionship between the dust, gas and aerosols inhalation in the
work environment and the disease emergence.

The O.R.D. can display as an interstitial lung disease or a
chronic air-flow obstruction. Frequently, the two syndromes
overlap!238 and the basic pathogenic mechanisms are
similar in both cases depending upon the clinical differences
in the characteristics of the inhaled noxious substance and
the individual behaviour.

In the pathogenic pathways of O.R.D. the alveolar
macrophage fulfils an important role. Its stimulation releases
1l;, activating the T-lymphocyte with release of I,
peripheral monocyte recruitment, local T cell proliferation
and a B cell stimulation leading to the granuloma
formation.®

The perturbation of the macrophage cell membrane by
stimulus, antigenic or others, causes the activation of the
Phospholipase A2, interfering with the membrane
phospholipids and leading to the release of arachidonic acid
molecules and its metabolites.!:¥ The release of Paf-
acether by the alveolar macrophages of these patients,10.14
and of toxic 02 species has also been demonstrated.

The activated alveolar macrophage also releases fibronectin
and Macrophage Derivated Growth Factor, important
mediators in the fibrotic process.!l-3-8

From the destruction of the alveolar macrophage by the
cytotoxity of the noxious substance and from incomplete
lysosomes results the release of enzymes—elastase and
collagenase—contributors to the interstitial lung damage. 8.1}

Also the neutrophils are increased in the alveolar spaces and
when stimulated by immune complexes liberate noxious

enzymes, 511

Finally in O.R.D. patients, as it happens in other fibrotic
diseases, there is an increased number of mastocytes in the
interstitial spaces and the released histamine would perhaps
have a proinflammatory effect besides its bronchoconstric-
tive action.13.15

From the above mentioned emerges the justification to the
use of corticosteroids in the treatment of some O.R.D. pa-

tients through its capacity to blockade the interleukins and
other mediators release, to inhibit the Phospholipase A2, to
diminish the neutrophils adhesivity and chemotaxie and to
inhibit the production of histamine.

In clinical trials we had already confirmed that the improve-
ment of the O.R.D. patients under corticotherapy is accom-
panied by a significant diminishing of the number of T-
lymphocytes and rates of Lyso-Paf-acether (the percursor of
Paf-acether) and histamine. 13-14

As the local of the pathogenic process is the epithelial alveolar
surface, it seems reasonable to think that the inhaled cor-
ticosteroids could perhaps stop them and be useful in the
treatment of these O.R.D. patients requiring the use of drugs
for their management.

The aim of this study is to evaluate the effectiveness of the
inhaled corticosteroids in the treatment of the occupational
respiratory diseases.

PATIENTS AND METHODS

We have studied 15 patients with ages ranging between 28
and 66 years, mean age 49 years. Ten of the patients were
males and 5 females and two of the men were smokers (Table
.

Nine of the patients had a consistent occupational history of
exposition to mineral dusts (5 to silica, 3 to iron and 1 to
asbestos) and 6 to organic dust (3 to corck dust and 3 to
pigeon dregs)—Table II.

All of them had the disease confirmed through the usual
clinical, functional, immunological and histological criteria.

All the patients had been submitted to a clinical inquiry, a
standard chest X-ray and a complete functional respiratory
study (global body plethysmography) previously to the treat-
ment. The same study has been repeated every three months
during one year.

The patients without evidence of ventilatory obstruction were
submitted to bronchoalveolar lavage in a subsegment of the
middle lobe with 4 syringes of 50 ml of saline serum warmed
up to 37°C by a usual technique.! In 3 of the patients the
bronchoalveolar lavage has been repeated 6 months after the
beginning of the treatment.

The patients were submitted to a therapeutic with Budesonide
4 X 200 pg twice a day, via a 750 ml spacer.
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As concomitant medication we used in 7 patients inhaled
bronchodilators. None of the patients had concomitant or
previously oral corticosteroids. All were kept away from their
workplace.

As comparison terms we considered a control group of 5
other O.R_D. patients with similar clinical, radiological and
functional patterns, also kept away from the workplace in
which only oral bronchodilators had been prescribed.

For statistic analysis we used the T test for paired data, dif-
ferences method.

RESULTS

Before treatment all patients had complaints of exertion
dyspnoea, 14 (93%) had cough, 8 (53%) expectoration and
7 (46%) wheezing (Table TII). )

After the first 3 months of treatment the clinical evaluation
stated an improvement of the complaints in 12 (80%) of the
patients, increasing progressively throughout the complete
period of study.

The only side effects reported were two cases of mild sore
throats and one of hoarseness, not being necessary to stop
treatment.

In the control group only 3 out of the 5 patients (60%)
improved.

All patients of both groups had chest X-ray before treatment
evocating interstitial lung involvement expressed by linear
and round shadows classifiable as, at least, of the type p 1/1
(UICC/Cincinnati classification). These aspects did not
modify throughout the period of the study. However, in three
patients with confluent shadows this aspect disappeared dur-
ing the treatment.

At the beginning of the treatment 4 of the patients had func-
tional obstructive defects, six restrictive defects and 5 had
a normal pattern.

From the observation of Table IV it is clear that the Vital
Capacity improved during the treatrent in 12 of the patients
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(80%) and from the 3 that did not improve 2 had previously
normal values. This improvement is significant (p < 0.001).

In what concerns the Total Lung Capacity only 9 of the pa-
tients improved (60%) and the difference is not significant
(Table IV).

In Table IV the FEV, values are analyzed and it is verifiable
that there is a significant improvement during the treatment
(p <0.05).

On the contrary the Tiffenean index did not modify
significantly with the treatment (Table IV).

In the control group there is no significant modification in
any of the studied parameter (Table V).

The eight patients without evidence of bronchial obstruction
were submitted to bronchoalveolar lavage. In 4 of them we
verified the existence of an alveolitis (74.5 £ 71.3 x 10*
cells/mf) and in both groups a significant increase of the lym-
phocytes percentages—three folds the normal values—(Table
V).

All patients of this group referred improvement in complaints
during the treatment and ventilatorily and a significant in-
crease in the values of Total Lung Capacity and Vital Capaci-
ty has been found (Table VII).

The three patients in which a second lavage had been per-
formed showed 6 months after the beginning of the treat-
ment, a decrease in the total cell count and in the number
of lymphocytes as it is demonstrated in Table VIII.

DISCUSSION

First we must emphasize the difficulty to take conclusions
from such a heterogeneous population in what concerns the
type of inhaled agressor and the clinical manifestations.

By obvious reasons in a preliminary study we had chosen
patients with a relatively mild disease, in which a sufficient

Table I
Complaints
15 DYSPNEA
14 COUGH
8 WHEEZ ING
B | SPUTUM
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clinical, radiological or functional support of an interstitial
involvement had been found; however, this group included
an important number of patients with simultaneous chronic
airflow obstruction, sometimes even prevalent.

Supporting the favourable clinical evolution of the patients
under inhaled corticotherapy the functional ventilatory
parameters that more consistently improved were those
related with the interstitial involvement rather than those
related with airflow obstruction.

The suggestion of the interest of these drugs in O.R.D. pa-
tients is reinforced by the favourable clinical evaluation of
the patients with alveolitis, confirmed by bronchoalveolar
lavage (BAL) and by the improvement of the cellular
parameters of their BAL fluid during the treatment.

The anarchical response of obstructive parameters to the
therapeutic measures suggests the interference of other fac-
tors in bronchoconstriction independently of corticosteroids
action: tobacco, infection, etc.

Besides the interest of inhaled corticosteroids in diseases with
airflow obstruction’? it has already been demonstrated in
Sarcoidosis that the inhalatory therapy with Budesonide is
able to transform the initial cellular, biochemical and im-
munological abnormalities in the direction of normalization
and that the clinically useful doses result in tissue concen-
trations high enough to be efficacious.?

These two perspectives are very important in 0.R.D. patients.

In fact a drug sufficiently efficient to reach the alveoli and
stop the release of mediators by the immunological and in-
flammatory effector cells, and simultaneously to persist in
the interstitinm braking the pathogenic mechanisms due to
the persistence of the aggressive particle, would surely have
a place in the management of these diseases.

‘The obtained results seem to provide some evidence of the
effectiveness of the purposed treatment, mainly in the in-
terstitial occupational respiratory diseases which is not sur-
prising once admitted the pathogenic mechanisms described
above.

Table VI
Bronchoalveolar Lavage
CELLS MA LYMPH, P.M.N.
WITH
ALVEOLITIS 74,5+71,3 53,8+32,5 39,5423,2 1,75+1,5
n =4
WITHOUT
ALVEOLITIS 18,3+ 6,9 63,3+28,6 36,3+28,6 1,0 1.4
n =1




Table VII
Patients with B.A.L.
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Table VIII
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Thus when it is necessary to consider the use of cor-
ticosteroids the inhalatory therapy can represent an alternative
or a complement to oral corticosteroids. This alternative
becomes more important if one considers that inhaled cor-
ticosteroids rarely cause systemic side effects and do not
reach immunosuppressive levels, 2 which is of a great in-
terest in patients with susceptibility to infections such as the
case of Silicosis.

Further studies will be necessary to define the real usefulness
of Budesonide in the treatment of these patients, which are
the parameters necessary to define when it can be used as
the unique therapeutic measure, besides the evication from
the aggressive noxious, and when it must be used as a com-
plement to oral corticosteroids, permitting a significant dose
reduction.
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ANALYSIS OF FATTY ACIDS FRACTIONS OF PHOSPHOLIPIDS AND
NEUTRAL LIPIDS FROM BRONCHOALVEOLAR LAVAGE FLUID (BALF)
IN PATIENTS WITH OCCUPATIONAL LUNG DISEASES (OLD)

GINA DUARTE ¢ Ema Fonseca ¢ A, Teles de Araujo * M. Freitas e Costa
Centro de Investigacac CnL3(INIC) and Laboratorio de Farmacologia

do Instituto Gulbenkian da Céacia, Oeiras, Portugal

~ INTRODUCTION

The pulmonary surfactant has caught the attention of
numberless investigators since its discovery was reported by
Pattle! and the primary characteristics of the substance were
first described by Clements.2

Basically the pulmonary surfactant reduces surface tension
of the interface air-liquid of the alveolus, maintaining
mechanical stability and avoiding alveolar collapse particular-
ly at small pulmonary volumes.34:5 Other functions of this
complex substance are the help on removal of particles from
airways and on digestion of bacterias intra and extra cellulars,
the inhibition of pulmonary edema and the transudation of
fluids into the alveolus.”.%?

Dipalmitoy] phosphatidylcholine (DPPC) is the predominant
molecule of the pulmonary surfactant and of it depends, in
great part, the tensio-active function of this compound.3.5-6
The exact functions of the remaining components such as
insaturated phosphatidylcholine, other phospholipids, neutral
lipids, and specific proteins are incompletely studied.3-10

- The pulmonary surfactant is produced in the pneumocyte type
- H, synthetized in its endoplasmic reticular system and
transferred, by mechanisms not fully known, to the lamellar
bodies and then secreted to the alveolar surface,3.!!

Several enzymatic mechanisms are involved in the synthesis
of phospholipids and there is evidence of a certain hormonal
regulation—androgenes, corticosteroids, tiroxine and
insulin.11:3

In the control of the secretion there seem to be involved
cholinergic and B adrenergyc mechanisms. Chemical
mediators such as prostagl; dines, physical factors such as
the distortion of the alveolar membrane and hyperventila-
tion can also interfere in surfactant secretion,!1-12

The importance of surfactant defects is well established in
the pathogenesis of diseases like nconatal and adult
respiratory distress syndrome!!4 and less well estab-
lished in other situations of respiratory suffering in man.5-6
Since on occupational lung diseases there are important im-
munologic and inflammatory mechanisms occurring in the
surface of the alveolus including changes in the alveolar
microatmosphere, thickness and rigidity of the membranes

452

and distortion of the structure,!-1617 an hypothesis was
sought that this factor could condition changes in the com-
position of the pulmonary surfactant.

In order to attempt to prove it, we studied the lipidic
composition—phospholipids, neutral lipids and fatty acids—
of the extracellular compartment of the pulmonary surfac-
tant, obtained through bronchoalveolar lavage in 15 in-
dividuals: 5 normal, 5 pigeon breeders and 5 silicosis
patients.

MATERIAL AND METHODS

Patients

We studied 5 patients with silicosis and 5 with pigeon
breeder’s lung, diseases confirmed through usual criteria.

Both groups were homogeneous concerning age and sex.
None of the patients smoked cigarettes and none was sub-
mitted to corticotherapy.

All were submitted to a clinical and functional study, & stan-
dard thorax X-ray and bronchoalveolar lavage.

As controls we used 5 normal volunteers, non-smokers with
ages not differing significantly of those of the patients.

Bronchoalveolar Lavage

All individuals studied were submitted to BAL in one of the
sub-segments of the middle lobe. Four fractions of 50 ml of

saline at 37°C were instilled with a syringe adapted to the
fibroscope and after a few seconds the liquid was retrieved.
The mucus was separated, total cell count was performed

by hemocitometry. The cellular component was separated by

centrifugation at 500 G for 15 min. at 4°C. The supernatant
was dried in a vacuum oven —50°C to —60°C for several
hours and stored in a steam of nitrogen for further study.

PROCESSING AND ANALYSIS OF LIPIDS

Extraction of Lipids

The total lipids were extracted from the dried supernatant
lavage fluid according to Bligh and Dyer method. %
Chromatographic Methods

Total lipids were separated by column chromatography on
silica acid-Kieselguhr (BDH), in neutral lipids (NL) and
phospholipids according to Cmelik and Fonseca.2¢



The neutral lipids {cholesterol, cholesterol esthers fatty acids
and triglycerids fractions) were separated by thin layer
chromatography (TLC) on silica gel G plates (Merck
Chemical Co.) using petroleum ether/ethyl/acetic acid
(70:30:1) as developer.

Phospholipids were separated by TLC on silica gel H (Merck)
and Florisil (BDH 10-200 mesh) plates wusing
chloroform/methanol/water (65:25:4) as a solvent.

NL fractions were hydrolyzed with a 5% potassium metox-
ide solution. After the extraction of the non-saponifiable part,
fatty acids were extracted from the acidified solution with
ethyl ether.

Phospholipids were hydrolyzed with HC1 6N in sealed tubes
immersed in a boiling water bath for 4-6h.

Fatty acids were converted into methyl esters with a
methanolic solution of Boron trifluoride BF{7 and analyzed
on a Perkin Elmer 900 gas-chromatograph with a dual flame
ionization detector. The columns were 2 m long with an 1/8
inch o0.d. and were packed with 20% Diethylenoglycol Suc-
cinate (DEGS) and chromosorb W (DMCS) 80-100 mesh.
The analysis was performed at programmed temperature
(140°-170°C) with an increasing rate of 2°C minute, fol-
lowed by isothermal operation. The nitrogen flow rate was
35 ml/min. Peak’s identification was determined by com-
paring their relative retention time with that of known stan-
dards. The relative percentage of the peak areas was
evaluated by an integrator from Hewlett Packard’s 3.380 A).

Spots on analytical plates were visualized by spraying with
concentrated sulfuric acid containing 0.1% of potassium
dichromate and subsequent charring at 140°C. Spots of the
phospholipids were identified by the use of respective stan-
dards and phosphatidylcholine (PC) and phosphatidylethanol-
amine (PE) were identified too by spraying the plates with
Dragendorff and Ninhydrin reagents respectively.

Total cholesterol was determined by the use of a modified
Lieberman-Buchard reagent.® Phosphorus analysis was
performed by the method of Fiske and Subbarow?? as
modified by King.3¢

Total proteins were assayed by Lowry’s method.3!

RESULTS

Study of phospholipids revealed some differences on both
groups of patients in relation with controls (Table I).
Therefore on pigeon breeders a significant decrease of
phosphatidyicholine was found as well as phosphatidylgly-
cerol on silicosis patients.

On the other hand, in both groups we found significant in-
creases of phosphatidylethanolamine and sphingomyelin.

As for neutral lipids, the fact that cholesterol was abundant
in the 3 groups prevailed. Also in the 3 groups free fatty
acids were detected (Table II).

In the composition on fatty acids of phospholipids, signifi-
cant differences on both groups of patients were also detected
by comparison with the controls (Table I}, mainly the im-
portant decrease of C16:0 and increase of fatty acids in-
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saturated in C16, C18 and C20. To be noted also the signifi-
cant increase of arachidonic acid on pigeon breeders. From
this results that the ratio between saturated and insaturated
fatty acids is inferior to unity on patients and superior to 2
on controls (Table IV).

From the analysis of the composition in fatty acids of the
neutral lipids once more highlights the important decrease
of palmitic acid and the increase of insaturated fatty acids
in patients, mainly in C16 and C18 (Table V). The ratio
saturated/insaturated fatty acids results once again less than
unity on patients and greater than 2 on controls (Table VI).

DISCUSSION

The 3 groups of individuals studied being comparable, it
becomes evident that on patients with occupational diseases
of the lung there are significant changes on the composition
of the pulmonary surfactant.

On the whole, the changes encountered on both groups of
patients are similar, suggesting partially common metabolic
paths. This is in accordance with other data of the study of

BAL liquid referring either to cellular elements or to chemical
mediators, 17:19:20.21.22,23,24

One of the more relevant conclusions of this study is the
decrease of the phospholipids that form the molecules with
tensio-active function generally accepted, especially
phosphatidylcholine, as it is clear on Table 1.5 In parallel
there are alterations of many other phospholipids, whose
meaning is difficult to determine since its functions have not
yet been clarified.

Even more interesting are the profound modifications on the
composition of fatty acids related with phospholipids know-
ing that, for instance, the tensio-active properties of PC de-
pend of the fatty acids in positions « or p.7

It is true that for a normal surfactant function a minimal quan-
tity of DPPC is required and that some variations in fatty
acids composition do not interfere with this function.* On
these patients it is a field requiring further research, so much
for the fact that we recognize that, in exposed individuals
without the disease, the composition in fatty acids did not
vary from controls; suggesting that the alterations follow the
surge of the disease.

One word about the great amount of arachidonic acid found
in pigeon breeders without forgetting that it is on the basis
of leucotrienes, Prostaglanding and Paf-acether, mediators
involved in the disease,!7.22,24

Also in relation to the composition in neutral lipids, the altera-
tions are profound and its meaning remains uncleared, given
the lack of knowledge associated with its functions.>-18
However we would like to point out that triglycerids are the
preferential form of stock of the fatty acids which, by subse-
quent oxidation or sterification form other lipids. '8 Also the
relative decrease in fatty acids found on some patients may
contribute to explain the susceptibility to acquire respiratory
infections which is widely accepted.®?

So we find important disturbances on the metabolic path of
the surfactant synthesis. What does it mean?
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Table I

Bronchoalveolar Lavage
PIGEON CONTROLS SILICOSIS
% % %
PHOSPHATIDYLCHOLINE 52,1+2,5 59,6+2,9 65,845,4
- N.S,
PHOSPHATIDYLGLYCEROL |16,3+2,2 23,445,6 9,943,5
N.S. baad ’
PHOSPHATIDYLINOSITOL
+ 9,2+4,2 9,8+2,1 8,0+2,5
PHOSPHATIDYLSERINE N.S. N.S.
PHOSPHAT IDYLETHANOLAMINE| 10, 4+2,7 f 4,9+1,5 7,5+1,0
L I I J %% '
CARDIOLIPINE 6,1+1,6 4,940,9 4,8+1,6
NISO NISI
SPHINGOMYELINE 7,0+1,3 1,3+0,6 7.943,1
[ 2 X 2} t [ T 3 '
* p< 0,05 e p < 0,01

= p< 0,02

p < 0,001



Table II
Bronchoalveolar Lavage

Bronchoalveolar Lavage/Treatment

PIGEON CONTROLS SILICOSIS
CHOLESTEROL ++++ ++++ ++++
FREE FATTY ACIDS + + +
TRIGLYCERIDES ++ ++ ++
CHOLESTEROL ESTER +++ +++ +++
We have already mentioned that in these diseases there are REFERENCES

changes in the structure and in the microatmosphere of the
alveolus that may explain its origin.1*12 Also, we must not
forget that the alveolar macrophage (AM) which, in these
patients, is permanently activated producing enzymes and
chemical mediators whose interaction with the Pneumocite
type II is not clarified.

In parallel the cellular membrane of the activated AM is a
productive source of lipidic molecules?2?* which may con-
tribute for the constitution of the surfactant. In the end it is
possible that the Pneumocite type II may be directly injured;
Schuyler?! found in the bronchoalveolar lavage fluid of
unusual silicosis patients an a burdance of Pneumocites type
I so far unexplained.

In the pathogenesis of occupational diseases of the lung there
are mechanisms that may cause modifications in the synthesis
and secretion of the surfactant.

We believe however these changes to be more than an
epiphenomenon. It is probable that they condition functional
changes of the pulmonary surfactant and therefore enable a
positive loop of amplification of the processes in course.

Let us not forget that in the acute phases of the disease there
is interstitial edema an alveolar transudation and that in other
phases alveolar collapse appears. What is the role of surfac-
tant alterations in these processes? Can these changes disturb
its basic role in the muco-ciliar stair?

CONCLUSIONS

In patients with occupational diseases of the lung there are
important alterations in the lipidic composition of the
pulmonary surfactant. Future research will be necessary to
establish up to which point these changes disturb its func-
tions contributing to the clinical-pathological picture of the
diseases.
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Table T
PIGEON CONTROLS SILICOSIS
12:0 1,1+0,2 N.s. 1,440,6 N.s. 1,8+41,1 N.s,
14:0 1,140,2 2,110,8 4,5+0,9 * f
14:1 <1 <1 1,140.9
16:1 5,642,2 § ***| 59,742,8 25,942,9 § =
16:1 < 1 <1 < 1
16:2 <1 <1 <1
16:3 2,8:1,5 4 = <1 13,81,3 § ==
%gg] 42,942,9 N.S.| 24,5474 30,242,2 N.S.
18:2 < 1{ | 6,142,9 3,243,3
18:3 5,309} = <1 13,130,94 *
200 ] <1 <1 7.6:1.64 =
20:4 22,614,11 we|  8,742,5 4,443,6 N.S.
* p < 0,05 * 5 <001 ** p <000
Table IV

0,3 + 0,1 = S*®*

S * %"

CONTROLS

r < 0,001

—=2,3 & 0,6=—3"*"

Ratio Tota! Saturated Fatty Acids/Total Unsaturated Fatty Acids

SILICOSIS

_—-'0;7 i'_ 0:1
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Table V
PIGEON CONTROLS SILICOSIS
12:0 <1 NS, <1 WS, 4,240,7 NS,
14:0 <1 | eus2 4,640,7 N.S.
14:1 3,u442,4 N.S. 3+2 N.S. 1,8+0.4 N.S.
16:0 13,2¢9,0 § *| 14,9419,5 23,9¢1,2 | =
16:1 2,1+1,9 <1 <1
16:2 <1 <1 <1
16:3 8,0¢1,u4 f ** <1 13,041,2 4 =
129 11,249,9 N.8.|  21,8+18,2 N.s.| 32,4%9,2 N.s.
18:2 13,702, § =} <1 <1
18.3 <1 <1 13,1:0,6 § **
2n:0 14,443,1 13,843,4 <1 |
20:4 19,847,5 N.s. 11,747,7 N.s, 8,1:0,8 N.s,
22:1 8,616,8 N.S, 9,25+8,6 N.S. 3,3+1,2 N.S.,

S* p < 0,05

S* p < 0,02
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Table VI
Ratio Total Saturated Fatty Acids/Total Unsaturated Fatty Acids
PIGEON CONTROLS SILICOSIS
0,3 + 0,2 S ke -—1,91+0,8 —=S ** 0.8 + 0,1
S # o <« (0,01 S*™ p < 0,05
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THE TREATMENT OF OBSTRUCTIVE AIRWAY DISEASE OF
COAL WORKERS WITH COAL WORKERS’ PNEUMOCONIOSIS

W. T. ULMER ¢ L. Zimmermann ¢ D. Schott  H, Straub
Pneumoconiosis Research Institute, Bochum/FRG

ABSTRACT

In categories B and C (ILO-classification 1980) coal workers develop more than twice as often obstructive
airway diseases as persons of the same age who are not exposed to dust. The obstructive airway disease
‘of coal workers responds in the same way on the same kind of treatment as the obstructive airway disease
of non-exposed persons. Under a well-controlled treatment, the obstructive airway disease of coal miners,
the most important complication of coal workers® pneumoconiosis, can be controlled, and life expectancy
of these coal miners with coal workers® pneumoconiosis and obstructive airway disease is the same as that
on non-exposed persons.

No Paper provided,

459



Bronchoalveolar Lavage/Treatment

NUMBER, NATURE AND SIZE OF ASBESTOS BODIES
IN BAL FLUIDS OF CHRYSOTILE WORKERS

P. DUMORTIER * P. De Vuyst * P. Strauss* ¢ J. C. Yernault

Chest Department, Erasme Hospital and
*QOccupational Disease Fund, Brussels, Belgium

ABSTRACT

Bronchoalveolar lavage (BAL) fluids from 15 workers of the same brake lining factory (Group 1) were
investigated with respect to their asbestos bodies (AB) content. Those subjects were only exposed to chrysotile.
BAL fluids from 34 asbestos cement workeres (Group 2) were also examined for comparison. Group 2
was mainly exposed to amphiboles. AB concentration was ranging from 0.2 to 3168 AB/ml (mean: 263
1 812) for group 1 and from 0.3 to 11,200 AB/ml (mean: 1028 + 2326) for group 2. Repeated BAL were
obtained for 3 subjects of group 1. There were no significant changes in AB concentrations even 10 months
after cessation of exposure. Among 159 typical AB cores analyzed in 7 subjects of group 1, chrysotile was
identified in 95.6%, amosite in 2.5% and 1.9% remained undetermined. Neither tremolite-actinolite nor
anthophyllite were identified as AB cores in this group. This contrasts with the data obtained on 561 AB
cores from 20 subjects of group 2 where 9.8% were built on chrysotile. Geometric mean length and diameter
were respectively shorter and thinner for chrysotile AB cores than for amphibole ones but mean aspect
ratio was higher.

We can conclude that 1) routine AB counting in BAL samples allows to disclose occupational exposures
to chrysotile, 2) such exposures can !ead to AB concentration in BAL comparable to those encountered
with occupational exposures to amphiboles, 3) size characteristics of AB on chrysotile are different from
those of AB on amphiboles and 4) mechanisms of chrysotile fibers clearance does not substantially affect
chrysotile AB concentrations in BAL for at least 10 months after cessation of exposure.

No Paper provided.
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ASBESTOS BODIES IN BRONCHOALVEOLAR LAVAGE FLUID IN VIEW OF
OCCUPATION, PLEURAL CHANGES, AND BRONCHOGENIC CARCINOMA

LUDOVIC M. LACQUET, M.D., Ph.D
Universtaire Ziekenhuizen, Leuven, Belgium

The asbestos content of lung tissue reflects the asbestos ex-
posure during life. One finds both naked or uncoated fibres,
and fibres coated with a ferroproteinous material also called
ferruginous bodies or asbestos bodies (AB’s).1-* The great
majority of the AB’s contain an amphibole in its core.2
AB’s can easily be identified in bronchoalveolar lavage
fluid.*¢ Their number correlates with the number found in
lung tissue.? The aim of the present study is to explore the
relationship between AB concentration in bronchoalveolar
lavage fluid, on the one hand, and the occupational history,
the presence of benign pleural changes, and the presence of
primary bronchogenic carcinoma, on the other hand.

MATERIAL AND METHODS

Bronchoalveolar lavage was performed during routine
diagnostic bronchoscopy, under local anesthesia, in 275 con-
secutive patients (257 male, mean age 60.9 3+ 9.2 yr) who
could tolerate the procedure safely. A fiberoptic bron-
choscope was securely wedged in a segment of either the
middle lobe or the lingula, which was then washed with a
minimum of two aliquots of 50 m! of normal saline solu-
tion. About 50% of the second aliquot was recovered and
used for analysis.

About 20 ml of lavage fluid, mixed with 40 ml of bleach,
was incubated at 40°C for 2 hours. The fluid was then sucked
through a 0.45 micrometer pore size cellulose esters filter,
subsequently rinsed twice with water and once with alcohol
25%. The filters, mounted and cleared, were examined at
400 x magnification under phase contrast. A known por-
tion of the filter, approximately 400 fields, were examined
for AB’s, from which the original concentration of AB’s
could be calculated. The logarithmic means were used in all
cotnparisons; one AB was added to all counts so that no con-
centration came out lower than 0.01/ml, which is an artifact.

Complete occupational and smoke histories were taken. The
chest radiographs were read according to the ILO classifica-
tion system for pneumoconioses. The following benign
pleural changes were considered for analysis: pleural effu-
sion, diffuse pleural thickening, markedly obliterated
costophrenic angle, pleural plaques calcified or not.

Control groups consisted of an equal number of patients,
matched for sex, age (+ 4 yr), and smoking habit (+ 50%
of total cigarettes smoked). Asbestos workers, i.e. workers
with explicit asbestos exposure, were eliminated from
matched comparisons for fear of bias. Indeed most of these
were referred explicitly for detection of AB’s.

RESULTS

The concentrations of AB’s in lavage fluid, range
0.01-130/ml, appear to follow a logarithmic distribution in
this sample of 275 patients. The 257 male subjects could be
categorized in five groups, unmatched for age and smoking
history, according to occupation. These groups and cor-
responding mean AB concentrations are: (a) 11 asbestos
workers, 21.9 4+ 41/ml; (b) 50 metal workers, welders,
plumbers, and heating workers, 1.4 + 7.8/ml; (c) 47 coal
miners, 1.4 + 7.9/ml; (d) 103 other blue collar workers,
0.3 1+ 5.4/ml; and (e) 46 farmers, staff, and other white col-
lar workers, 0.1 + 5.7/ml. The mean concentrations found
in the first four groups are all significantly higher than in
the one found in the last group.

Metal workers (n=25) also had significantly higher AB
counts if compared, not with group (e), but with an equal
number of matched controls (1.23/ml versus 0.34/ml,
P=0.02). The same was found for coal miners (n=37,
1.78/ml versus 0.23/ml, P=10-9).

Likewise, subjects with bilaterial pleural changes (n=50) had
significantly higher AB counts than their matched controls
(1.8/ml versus 0.3/ml, 2P=0.001). However, subjects with
unilateral, pleural changes (n=31) did not differ significantly
from the controls (0.7/ml versus 0.4/ml).

The patients with primary bronchogenic carcinoma (n=69)
had a higher mean AB concentration than matched controls,
but the difference was not significant (0.76/ml versus
0.44/ml, P=0.1).

DISCUSSION

It is not surprising that the highest AB concentrations were
found in asbestos workers. Of more interest is the increased
number of AB’s found in people who, in the majority of
cases, did not mention any contact with asbestos. They con-
stitute nevertheless a group of workers with probable asbestos
exposure: steel and foundry workers, metal construction
workers, welders, plumbers, central heating workers, and
other workers who may use asbestos as sealing or heat in-
sulator. It is somewhat surprising that a similar distribution
of AB concentrations was found in coal miners. The Belgian
geological structures contain no asbestos, but the material
has been applied in the past as fire protection, among other
uses. Another possible explanation is that some of these AB’s
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have cores made of carbon fibre rather than asbestos. The
present study cannot answer this.

We have distinguished a group of blue collar workers, who
definitely had no explicit occupational exposure to asbestos,
although sporadic contact remains possible. This group too
had a significant, but small, increase of AB’s, in comparison
with the group of people with occupations outside of industry.
These non-industrial workers have rather low AB concen-
trations: less than 1/ml in 67% of them, less than 3/ml in
84%, and less than 10/ml in 93%. Even this group shows
some overlap with all other groups. We do not know for sure
the source of occasional high AB counts, but in some cases
the hobby activity may have been responsible.

It is known that asbestos exposure can cause any of the benign
pleural changes we have considered in this study. We have
treated these entities as a whole. Separating them is often
difficult, as often they occur together, radiologically they
may overlap, and finally one type of lesion can evolve into
another (e.g. pleural effusion into pleural thickening). This
study shows clearly, perhaps not surprisingly, that bilateral
benign pleural changes (of any type are much more indicative
of previous asbestos exposure than are the unilateral ones.

The relationship of substantial asbestos exposure and in-
creased incidence of bronchogenic carcinoma is well estab-
lished. We tested the more subtle hypothesis, that broncho-
genic carcinoma in the general population might develop
more frequently in the presence of a moderate level of
asbestos impregnation of the lungs. To elucidate this, the
group of 69 male patients with bronchogenic carcinoma was
compared with a group of matched controls. The carcinoma
cases indeed showed a higher mean AB concentration, but
the difference was not significant although one might suspect
a trend (P=0.1). This is in agreement with studies wherein
the asbestos contents of lung tissue were compared.” A
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major influence thus of moderate asbestos impregnation on
the incidence of lung cancer does not seem to exist. The final
answer to this question must await the comparison of larger
groups and identification of the cores of the AB’s also would
be desirable.

CONCLUSIONS

Our study of AB’s in bronchoalveolar lavage fluid yields the
following conclusions; (a) There is a gradation of AB con-
centrations related to occupational history; (b) increased AB
concentrations correlate with the presence of benign pleural
changes, when visible bilaterally on a standard chest
radiograph; and (c} AB concentrations are not significantly
increased in men, non-asbestos workers, with bronchogenic
carcinoma.
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