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which patients recetved wuscle adenosin phosphoric acid QL. A.P.)
inrramuscularly and in 4 cases in which patients received adenosin
tntramusculiarty.

Evidence is presented to show that these effects are not the result
of vasodilatation but are the result of some direct action oa the
contracting ischemic muscles.
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A STUDY OF THE SPUTUM IN PULMONARY ASBESTOSIS.

By Roeerr C. Page, B.A, B.M,,

RESIDENT PHYSICIAN, PRESBYTERIAN HOSPITAL, PHILADELPHIA, PA.; RECENT RESEARCH
ASSISTANT TO PROP. M. J. STEWART, LEEDS, ENGLAND,

PEILADELPEHIA, PA.

(From the Department of Pathology sud Bacterdology, the University of Leeds.)

So much has been written on pulmonary asbestosis during the
few years which have elapsed since its first recognition (Covke,
1924, 1927; Stuart McDonald, 1927; Merewether, 1930; Lynch
and Smith, 1930; Kruger et al., 1931; Ellman, 1933) that only a
brief introductory statement is necessary here. The disease is a
slowly progressive fibrosis of the lungs due to the inhalation of
asbestos dust. The fibrosis is widespread, mainly basal and sub-
pleural in distribution, and leads ultimately to such extensive
destruction of the parenchyma that the most serious functional
disability results. Death is usually brought about by some inter-
current infection, tuberculosis, influenza, or some form of pneu-
monia. The length of exposure to dust has varied within wide limits,
but it is clear that gross disease may follow even as short an exposure
as 18 months, provided the dust concentration has been sufficiently
High. A certain interval of time must elapse before the disease
seriously manifests itself, possibly a period of 7 vears (Mlereweather,
1933-1934). At a certain stage of its development the disease
can be diagnosed with great assurance on clinical ard radiological
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examination, the more 50 as a clear industrial history of exposure
to asbestos dust is almost invariably availabie. In the eaclier
stages of disordered function it may be possible oniy to suspect
that a lesion is developing. ~

The Asbestos Body. This has attracted much attention since it

was first adequately described and its probable zigrificance pointed
out by Stuart McDorald (1927). A detailed description is given —
by Gloyne (1932). The bodies are formed in the lurg aveoll by the
deposition around individual asbestos fibers of an troa-containing
silica gel, derived partly from the fiber, partly from the surrounding
fluids. They are highly characteristic in form,. while presenting
considerable individual variation. The two chief varieties are: (1)
a spindle-shaped elongated form, very slender in the center and
swelling gradually to bulbous extremities, and (2) a beaded form.
with the smallest elements in the center and a gradual increase in
size"to large terminal knobs. In the latter form, the central core
of asbestos fiber can often be made out very clearly, especially if
the body has been fractured, as often happens. The bodies, which
range in size from a few up to several hundred microns, vary in color
from pale green through golden yellow to deep brown, depending
mainly on their size. They give the Prussian blue reaction with
corresponding grades of intensity.

The bodies were frst observed in sections of the lung, where they
occur singly, in small groups and in radiating clumps in the alveoli,
or embedded _in the fibrous tissue of the grossly diseased areas.
They were next recovered from lung juice obtained by exploratory
puncture of the chest during life (Stewart and Haddow, 1929) and
finally these observers were able to demoustrate their presence in
the sputum of asbestos workers. Later Stewart, Tattersall and
Haddow (1932) recovered clumps of bodies similar to those seen in
the lung alveoli postmortem from 2 cases of asbestosis, one ad-
vanced and since dead of the disease, the other moderately advanced.
They suggested that the presence of such clumps meant disintegra-
tion of lung tissue and was of much greater significance than the
finding of individual bodies, which merely indicated ‘that there had
been exposure to asbestos dust.

Personal Observations. The following observations are based partly
on Professor Stewart’s collected material, partly on a reinvesti-
gation of the cases which he had previously examined, and partly
ot a few new cases first seen during the first half of 1934. - Thirty-
eight individual cases have been studied, and a large number of
specimens of sputum examined.

Of these cases 11 have died and in 10 the presence of asbestosis
was confirmed postmortem. In 6 cases there was superimposed
pulmonary tuberculosis, in 2 2 terminal acute bronchitis and in, 1
the proximate cause of death was influenza. In 1 case death fol-
lowed pregnancy and parturition and in 1 (Case 14) an abdominal
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operation. In this case no autopsy was obtaized. Of the surviving
cases, 2 are now acutely ill with pulmonacy tuberculosis, 2 are
doubtiull tuberculous, while 9 are apparently uncowmpiicated cases
of pulmonary asbestosis of considerable and progressive severiry.
Four others present evidence of mild asbestosis. Adequate informa-
tion is lacking in regard to 7 of the remaining 10 cases, while the
other 3 are in excellent health. Of these, 2 are office employees
and the third was employed in an asbestos factory ocl: after the
introduction of modern methods. In consequence she was esposed
to a minimum amount of dust.

Detailed examination of these cases has been going on at varying
intervals for a period of 5 years. Several have been receiving
medical attention for indefinite periods and the sputum has been
examined at intervals when conditions permitted. Patients with
pulmonary asbestosis are extremely susceptible to chest colds and
coughs, particularly so during the damp winter months. It is upon
such occasions that the ever-present cough becomes productive
and that sputum may be obtained for examination.

The best time to obtain a specimen i3 in the morning owing to
the accumulation of mucus overnight. The type of sputum varies:
usually in an uncomplicated case it is very thick and tenacious and

when allowed to stand develops a very disagreeable odor. When -

tuberculosis is associated, pus and streaks of blood are not infre-
quently present. The consistency in many cases is not uniform;
clear, thin, watery mucus, when present, tends to settle out from
the underlying thick and stringlike portion.

In conjunction with this work complete clinical and radiologic
examinations have been done wherever possible. In the developed
disease dyspnea and cough are the ever-present and progressive
symptoms. Physical signs are for the most part localized to the
region of the lower chest. Roentgen ray examinations invariably
confirm the findings on physical examination, and when taken at
infrequent intervals illustrate a definite bilateral progressive, mainly
basal, fibrosis, with characteristic signs of old pleurisy, hazy dia-
phragmatic margins, and so on. Complications in the nature of
upper respiratory infections, bronchitis, bronchiectasis, empyema,
poeumonia and especially tuberculosis, aggravate the symptoms to
a notable degree, with greatly increased debilitation of the patient
and evidence of right heart failure. In all cases the sputum has
been examined for the presence of asbestos bodies (including clumps)
and tubercle bacilli, and in a small group of 6 cases a special search
for elastic tissue has been made.

Technique for Demonstration of Asbestos Bodies. The method orig-:
inally suggested by Stewart and Haddow (Stewart. 1929) consisiad in adding
to selected portions of the sputum an equal quantity of antiformin. Follow-
ing gentle agitation in a test tube and the additior of ¢ or 5 times the volume
of water, the mixiure is placed in the incubator at 37° C. for some hours.
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The supernatane fuid is now poured off acd the last 10 to 15 ce. centrifuged
for 5 o 10 minutes. The supernatant 2uid is azein poured off and the pre-
cipitate, by means of a verv fne pipette. is placed or albuminized slides.
The Alms are dried. Sxed and washed, and mountad in Capads balsam.
Simson and Strachar (1931} suggested a direct merhod. Thick films of
the mucoid portion of sputum were made aed drisd iz a pamaEn oven 2t
54° C. These were fixed with satumted mercuric chiorid solution and sud-
sequently stained with hematoxylin and sosin. These workers conciuded
that “it was as easy to demonstrate bodies in the direct §im as in the acii-
formin method ™ and recommended its us2 as showinz both the cyrology of
the specimeas and the intracellular developmens of the asbestos Dodies.
Gloyme (1931) describes a method in which ammonium silpbale replaces
the hematoxylin. After antiformin digestion ané centrifugation the anti-
formin is pipetted o and replaced by 35 2mmonium sulphid. The bodies
as 5 result are colored black., The author recomrecds this method because
it allows the minute details of the body to be cleariy seen, wiile the central
core of asbesios fiber can readily be observed extending between adjacent

- segments of the asbestos body

Dr. Norah Schuster (Ellman, 1930-1931) uses ike following simple wet
method: The sputum is mixed with an equal quantity of 1% sodium
hyvdroxid and left in the incubator until the mucus is dissolvegi (about 1
bour usually). Following centrifugation o wet flm of the deposit is exam-
ined directly without staining. , . .

The method used in the present study (Stewart, 1034} is substantially
the same as the original. i

Tachnique {or Demonstration of Elastic Tissne. The sputum was pre-
pared for siaining by the metkod of Gentz and Bennet (1931). Three or
4 cc. of selected portions of sputum are placed in 3 centrifuge tube and 2 or
3 times this volume of 3%, caustic potash is added. It is then shaken ener-
getically until the misture is homogeneous. Heat to the boiling point is
now applied. Rapid cooling fotlows and the mixture is centrifuged for i to
1 minute. The supernatant fiuid is poured off and the deposit placed on
albuminized slides and allowed to dry. After being fixed with heat the
films are carefully washed to remove the caustic potash. . .

Two methods of staining have been used for the demonstration of elastic
fibers, one a modification of Barth’s method (Calmette, 1928), the other a
variant of Rappaport and Ellison’s {1928-1929) modification of Weigert's
stain. In Method I, Barth’s orcein stain is heated to 55° C. and the slides
immersed, They are kept at this temperature for from 1 to 2 hours, and
are then washed in water, differentiated in acid alcohol (2 10 3% hydro-

- chloric acid in 959 alcohol), washed again in water, dehydrated in abso-
lute aleohol, cleaved in xylol and mounted in Canada balsam. The elastic
fibers are stained a dark reddish purple. .

In Method II, the films are immessed in Weigert's stain, &s prepared by
Rﬂ??&po:t and Ellison, for a period of 20 minutes, following which they are
washed in water, differentiated in acid aleobol (2 to 3% hydrochloric acid
in 959 alcohol), washed agsin in water, dehydrated in absolute alcobol,
cleared in xylol and mounted in balsam. Elastic fibers are stained a deep
blue-black.

The relative merits of these two methods of stainirg are as follows: The
stain a3 used in the Barth method is relativeiy easier to prepare, and once
prepared can be used for an unlimited time, while the modified Weigert's
stain, besides being far more difficult to prepare, tends to deteriorate much
more quickly. On the other hand it stains elastic tissue in 20 miputes;
whereas the modified Barth method takes from 1 to 2 hours. The Exal
result i‘soequal.ly eficient and each can be used as best atiad to the individual
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(Casea 26, 27, 30).

Analysis of Cases. The present study includes 38 cases of asbestos
workers of whom ‘31, where full details are available, are recorded
in the preceding table. The cases have been arranged in accordance
with the period of time that has passed since they first became
exposed to asbestos dust, which in several cases is not equivalent to
the actual duration of exposure plus the interval since leaving em-
ploymeat, since some were employed irregularly or were absent from
work on account of childbirth, service overseas, etc.

Twenty-one of the cases are males and 17 females. The age at

-which they began working in an asbestos factory ranges from 13 to

39, average 21, but 17 of the 31 recorded in the table began work
before the age of 21. The average duration of exposure is 13 years,
with 2 range from as low as 1 up to 50 years. Tuberculosis was
present in 8 cases, and in this group the average period of exposure
was 9.2 years, as contrasted with 16 years in the non-tuberculous
group. Case 23 is exceptional in that he was not really a worker in
asbestos and he is therefore not included in the averages given.
Sputum Examination. .dsbestos bodies bave been present in every
case with the exception of Case 1, a woman, aged 23, who was in
contact with a minimum amount of dust as a mattress maker for
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4 vears, the whole period beinz subsequent to the abolition of the
dry mechod of manufacture. She has always been subject to respir-
atory tract catarrh, which may have been a factor in prevesting
eacry of dusc to the lung atveoll. With two exceptions (Cases 1
and 3) bodies were demonstrated at every examination. In Case 3
the sputum was negative after 5 vears’ exposure buc positive (a
solitary body only) when examined afrer 10 years’ exposure.

The number and type of bodies were most variable. Generally
the large beaded or “weathered” type of bedies, deep brown in
color and strongly iron-reacting, were most prevalent in cases where
the interval since the onset of exposure had been long, including
those where a loag interval had elapsed siace they were last em-
ployed in asbestos. Bodies recovered from those who had only
been in this employment for a few vears were smaller in size, paler
in color and less strongly iron-reacting. It is clear that asbestos
bodies in the lung slowly increase in size with the passage of time
and become in consequence both dacker in color and more strongly
iron-reacting.

Clumps or groups of bodies were present in 10 of the cases. Five
of these had tuberculosis, of whom 3 have died and the other 2 are
critically ill. Ome of the remaining 5 cases is doubtfully tuber-
culous, 1 has died of pulmonary asbestosis with associated cardiac
failure, while the remaining 3 are apparently cases of progressive
uncomplicated asbestosis. ‘

In 6 cases (Nos. 3, 16, 20, 26, 27 and 30) the sputum was examined
for elastic tissue by the methods described and a positive result
obtained in 3. In Case 5 a solitary “weather-beaten” asbestos
body was discovered after 10 years' exposure, yet elastic tissue was
present (Fig. 1). In Cases 26 and 30, bodies had been found on
several former occasions but neither clumps nor tubercle bacilli;
elastic tissue was absent from both. In Cases 20 and 27 clumps as
well as single bodies had been found previously but no tubercle

-

Lecznpe yor Fis. 1 T0 7.

F16. [.—Case 5, F., age 25. FElastic tissue in sputum of asbestos worker. Tea
years’ exposurs to asbestos dust. Only ons * weather-beatea’ body found, no clumps,
oo tubercle bacillh. X 300.

Fia. 2.—Csses 20, M., age 47. Elastic tissue in sputum of asbestos worker.
Twenty-two years since onset of exposure (duration 17 years). Asbestos bodies and
clumps preseat, but 0o tubercle bacilli. X 300. .

F16. 3.—Case 16, M., age 43. Elastic tissue in case of asbestosis with tuber-
culosis. Eighteen years since ouset of exposure (duration 6 years), Elastic fibers,
asbestos bodies and clumps (Fig- 7) and tubercle bacilli all preseat. X.300. .

Fic. 4.—Elastic tissue in sputum of a pure case of pulmoaary tuberculosis. X 309.

FiGs. 5and 6.—Case 28, M., age63. Elastic tissue i caseous material in a phthisi-
cal cavity. Case of pulmdnary tuberculoszis superimposed upon asbestosis. Izterval
since onset of exposure 30 years. X 300.

Fro. 7.—Case 16, 3Smail clump of 2sbestos bodies in sputum, from same case as
Fig. 3. X 300, -
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bacilli: elastic tissue was demoastrated in Case 20 (Fig. 2). In
Case 186, clumps, tubercle bacilli and elastic tissue were all present
(Figs. 3and 7). These results are summarized in Table 2.

Tasrz 2. —Cases Exomyep ror Eiastie Tisscz.
Cas2 Astescos Elnsele
Xo. Sedes. Clurzps, 2issue.
3 . . . . =(D - =
16 - .
20

B3 L
2 . . . . * -
S

"
ph
Y
R3
3
:
CJ

#3,

o
0 . . . . =

Discussion. The findings here reported are for the most part in
accordance with those of other workers and show that the mere
presence of asbestos bodies in the sputum of an individual denotes
nothing more than that he has at some time been in contact with
asbestos dust.. The actual number of bodies is likewise of little
significance. If, however, they are coasistently present in consider~
able numbers the possibilities are that either the individual has
been in coatact with [arge quantities of dust over a long period or
there is some underlying pathologic condition of the lung, leading
to gradual liberation of accumulated bodies. This is illustrated in
Cases 14 and 19. In the former the sputum upon repeated examina-
tion showed large numbers of bodies, the individual in question
having been associated at the time of examination and for 13 years
previously with large quaatities of dust. Case 19, on the other
hand, also with numerous bodies on repeated examination, had
only been directly exposed for a period of 6 years and had not been
in contact with dust for 18 years at the time of examination. Clinic-
ally there was an associated tuberculosis. :

The type of body present is of considerably greater significance
than the number. The formation of asbestos bodies in the lung
takes but a short time. They were found by Simson (1929) in the
lungs of a patient who had heen exposed for 2 months only, and by
Stewart (1930) in a guinea pig after 3 months’ exposure in an asbes-
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. tos factory. Once formed, they can remain in the lung for an indefin-

‘ite period. In a patient of Ellman’s (1933) exposure was for 10

weeks only, and 5 yearslater bodies were recovered from the sputum.

In Case 13 of this series, the patient had worked in asbestos for

1 year, and 17 years later bodies were still present in small numbers.
" Reference has already been made to the “growth” or increase in
size of these bodies, presumably by slow ditfusion out of silicates
from the central fiber and their interaction with constituents of the
surrounding body fluids. It follows that bodies of large size in the
sputum indicate that these have formed around fbers inhaled
many vears before. On the other hand, small, thin bodies, though
doubtless of recent formation. are no indication that their central
dbers have been recently inhaled. *“Young” bodies may be en-
countered in sputum from persons swho have had no opportunity
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{ iohaling dust for many years, and it is known that asoest.?s.
gtbe::h :i::? r:zlx‘::i: 31:1 the lung for long periods without necessariy
-ominz converted into “bodies” at all. e
be':;.)nn;lthir point of great imporiance 15 the sw:al%e? W ?a&e:13?~.
of the asbestos body. Maay of tke old large bodﬁej. pre:gfl}:t 2 ¢ :
dinctly ragzed or weather-beaten aspect, olten copsisiag, as 1’“[; oru:
of widely separated irregulasly shaped beads strung on the ei:i '»r\'it ;
core. There can be little doube that 't’hls process is i{»wat- it
solution and disintegration of :bogiy .f.ubst:mce' and ;ccq;nt?ﬁica
my opinion. for the interesting finding of Fowweather ¢ mf h? sil ca
contert of the fibrotic portion of the asbestos lung’w.muc the» i
workers who have been away from dust for many }th ear? ag v
those recently or still in employment, even whereb f engt; of
exposure has been the same. “Weathering™ is probably a consta :
process in these cases, btlllt may be accelerated by the occurrence o
r suppurative change. ) o o
ca%g:sc?ump?gke arrangement of bodies within E{l_e lung -ath 3091;
was observed from the very outset of detailed histologic stu :h s
(Stuart McDonald, 1927). When the presence of clump;{ :ﬁd e
sputum was first reported by Stewart, Tattersall :;,mf:l1 gi noof
(1932) it was suggested that this finding was a clea.rfm' 1ca.!eo$u
disintegration of lung tissue, whether by a process o ;unp e belx)-:
purative bronchopneumonia or as a result of a secon ary. fuber-
culous infection. In either case it was regarded as being v uu;i u Iy
diagnostic of an underlying asbestosis. In the presenc st b’*:: 0
cases in which clumps were present in the sputum tend tgeséutaban-
tiate this view. Four of them suffered from superimpo ‘- u_tgr
culosis. Two of these have died and the remaining 2 are .nov‘ui critic-
ally ill. One other patient in whose sputum a'clum‘p “asuim emon-
strated is considered as_a probable case of superimposed p oni;ﬁrl
tuberculosis. Of the remaining 5 cases, 2 have dxgd, tlhof c&re :
softening, acute bronchitis and bronchopneumonia, the other o

- bronchitis and cardiac failure, both with underlying asbestosis.

The remaining 3 are suffering with definite progressive pulmonary
asbestosis, fully confirmed by clinical and radiologic exa|:.Junat1gnl.)i

While the presence of asbestos clumps in the sputur is pro ; . gr
indicative of lung destruction, the converse is by no means of
that is, the absence of asbestos clumps affords Iixo assura;nc:ries
pulmonary integrity. There are many cases in the presen 3 ries
in which there has been definite disintegration of the Iu}.lng and yet
no clumps have been demonstrated in the sputum. Other possi le
fallacies exist. More prolonged and more careful examination n;:g it
have yielded a positive result, or rqughness in hafxdhxfg:may ta;:
caused the clumps to break up. ‘Lgastlg and perhaps mc{.ﬂ; ;@pc;r 2 '
the underlying pathologic condition in the Iung ma;\- ave fed to
chemical or physical dissolution ot t'he clumplike arfan'gfmint u:
that when expectorated in the midst of caseous @at??‘ ?‘. pus,
the clumps may have disintegrated into their individual abezs.
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Gardoer and Cummings (1931) state that iz guinea pigs tuber-
culous caseation causes the asbestos bodies preseat to lose their
zolden-yellow color; they also fail to give a Prussian blue reaction
and later are apparently so completely disintegrated that not even
a supporiing fiber remains.

Elastic tissue in the sputum, irrespective of the underlying patho-
logic condition, has long been accepted as unequivocal evidence of
lung disintegration: Rappaport (1929-1930) mentions that elastiz
tissue may appear in the sputum of patients who present only very
mild signs of clinical activity. He refers to Durand, a Frerch
worker, who demonstrated elastic fibers in the sputum of tubercu-
lous patients, both before and after the appearance of tubercle
bacilli. The 3 cases of the present series in which elastic tissue has
been demonstrated in the sputum illustrate several points of interest.
In Case 3, the presence of the elastic fibers is difficult to explain.
She bhad been exposed to asbestos dust, it is true, for the last 10
vears, and during this time it i3 quite possible for a progressive
pulmonary ssbestosis to have developed. Yet only a solitary
asbestos body was found on one occasion. There was no definite
evidence of tuberculosis, but the possibility that this disease existed
in an abacillary or prebacillary stage could not be excluded. In
Case 20, the presence of elastic fibers is associated with a rapidiy
progressive form of uncomplicated pulmonary asbestosis. In Case
16, the presence of elastic tissue is associated with active tubercu-
losis and clearly indicates a state of definite disintegration. The
underlying pulmonary lesion here is probably illustrated by Case 28,
from svhich Figures 6 and 7 were obtained. These show, in sections
of the lung, elastic tissue in the midst of caseous tuberculous mate-
rial, in 2 similar form to that expectorated in Case 18.

A careful search for tubercle bacilli has been carried out in every
sample of sputum obtained. Positive findings were present in 6
out of 8 cases of proven tuberculosis. The incidence of tuberculosis
in this series is therefore 219}, exactly the same as that recorded
by Wood and Gloyne (1931), but less than figure given by Ellman
(1930-1931), 6 out of 17 cases. Bridge (1931) reports an mcidence
of 31.5%, in fatal cases.

Conclusions. 1. The presence of asbestos bodies in the sputum
is indicative merely of exposure to asbestos dust. If they are of
large size it means that a loug interval has elapsed since the onset of
exposure.

2. The number of bodies in any given specimer is insignificant,
but the presence of old and weathered bodies on repeated examina-
tions strongly suggests that a definite pathologic process is in exist-
ence.

3. Clumps in the sputum are definite evidence of lung disiritegra-
tion, but their absence does not mean that disintegration is not in
process.

4. Elastic fibers are probably indicative of rapid lung destruction.
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5. Elastic fibers may be present in the sputum n plfxt')e Ell.[‘?m:“ail:}l
a=b.e<to<is bota wirh and without clumps, or in asbestosis Wit

= 1 in‘
ssoclated tuberculosis. ‘ e
: ‘60 TIL:e routine examination of the sputux in cg»{e;ﬁ (.:( ;gafggeig
oulx’nonarv sbestosis is essential, as it plays a significan

intcel diagnosis.
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HiwT anD TavEAU were the first to prepare aqd ?3tei§11lve \u{z.:r:) 3
of the pharmacologic proverries cf acetyl-3-methyicholn. = Ma)

thetized i {* iin”) by a process which has
and Cline® have synthetized it ¢ mechoiin™) by a proc

e it aval i i tiv studies of its phurmacology
made it available in quantity. Recentiy stud P




