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(1 ) 
SCOPE or Tail; THESIS 

The introductory section of this thesis deals with 
the history of pneumoconiosis ens silicosis, the occurrence 
of silica in nature, the theories of silicosis, its aetiology, 
pathology, diagnosis and complications, and a short account of 
coalworkers' pneumoconiosis and pneumoconiosis due to kaolin 
or china clay. 	The introduction to the experiments themselves 
points out why these studies were undertaken. 	A. description 
of tLe various techniques used in the experiments recorded . 
here is included for convenience. 	The experimental studies 
themselves ore described in five sections and followed up with 
a general summery and conclusions drawn from the results of 
the studies. 

Section I deals with the rate of elimination of 
pathogenic and inert dusts from the lungs of rats, and the 
tissue reactions produced by them, 	it hes been shown that 
quartz, a fibrogenic dust, and synthetic corundum, an inert 
one, nave neaely equal rates of elimination in the early stages. 
Anthracite coal has been found to remain longer in the lunes 
than bituminous coal, although the lesions produced by them 
were identical. 	Radio-active tantalum carbide was eliminated 
rapidly from the lungs and did not produce any fibrosis. 

In Section. II the tissue reactions produced by 
variable amounts and forms of tridymite, a crystalline modi- 
fication of pure silica, have been studied. 	Jarlier workers 
found this to be the most pathogenic of all the modifications 
of pure silica, and these results support that conclusion. 

The pulmonary lesions produced by anthracite and 
bituminous coal when mixed with very small amounts of tridymite 
have been studied in Section III, and the results show that 
more fibrous reactions occur ehen coal and tridymite are used 
simultaneously, than by these subetances acting alone. 

The effect of cortisone on established pulmonary 
silicosis in rats has been investigated in Section IV. 
Cortisone did not have any modifying effect on the maturity of 
fibrous tissue in the lesions, but chemically there was less 
collagen in the lungs, and therefore quantitatively less 
fibrotic lesions. 

Finally, tee action of coal, mine dust and kaolin on 
avirulent tuberculous infection in the lungs of rots end guinea- 
pigs has been studied in Section V. 	The combination of dust 
and infection produced more fibrosis in both species cf onirials 
than did either factor alone, in the same period of time. 



HISTGRICAL 3URV3 

It leas been known since prel istoric times that 

dust can produce diseases of the lung, and conditions of 

this type were termed "pneumonoconioses" (from tle Greek 

VmtlAwv= lung, 	= 	 The term, which hes since 

been shortened to "pneumoconiosis", is a comprehensive one 

and is usually used to refer to conditions arising from the 

inhalation of dusts which are eiter inert, such as iron, 

or fibrogenic, such as free silica. 	The fibrosis produced 

by dusts containing free silica is popularly known as silicosis. 

How early in tie history of mankind ildustrial 

pneumoconiosis appeared is a subject for conjecture. 	The 

works of ancient writers seldom disti pwish betwee the 

various forms of respiratory disease, but merely refer to a 

general connection betwee- lung affections a I dust inhalation. 

Hippocrates (460-370 B.C.), in his Epidemics wrote about 

"the wan complexion and the difficulty in breathing of miners", 

which miEht well be an apt description of t'e p,  eumoconiotic 

miner of t e pre sent day (Sayers 1925). 	Perhaps one of the 

earliest references to the hazards of dust inhalation is the 

description of Pli, y, the El.er (23-79 A.D.) of a protective 

mask for miners. 	Gale (1?1-201 4..D.) referred to 

occupational diseases, including teat found among gypsum 

workers. 

The dangers t'- at confront miners and refiners were 

mentioned by Georgius Agricola (1494-1555) in his treatise 



on mining and metallurgy, .Lie Re DPetallical. 	Pa2acelsus 

(1493-1541), a Swiss alchemist and physician, described the 

disease of miners and smelters in a book on industrial 

medicine published posthumously in 1567. 

The year 1649 may be regarded as a landmark in 

the history of silicosis, as it was the: that the first 

section of a stone-cutter's lung was made by Diemerbrock, 

when he found "lung vesicles compl tely clogged with fine 

dust." He also described the shortness of breath and 

riLidity of the chest found among granite workers in the 

Carpathians, who termadthir tools "widow-makers". 

Ramazzini (1633-1714), often referred to as the third 

Yippocrates and the father of Industrial Medicine, described 

many dust diseases and their pulmonary lesions in his book 

entitled "De rorbis Artificium Diatribe", published in Padua 

in 1700. 

In 1726 and 1732, Thomas Benson of Newcastle-under-

Lyme was granted a patent for the wet-grinding of flint, which 

up to that time was pounded dry, the T)rocess proving very 

destructive to mankind" (Collis 1915; Meiklejohn 1947). 

"Fork-grinders who use a dry grindstone die at the ages of 

years", was the statement made in 1830 by Knight, a 

practitioner. 

The year 1832 saw the publication of a second book 

on Industrial Medicine - 12/  years after that of Ramazzini -

by Thackrah, a young physician from Leeds, whr was also a 

keen anatomist. 	In his st'Aii,s on the 11. a span of workers 
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in vent us dstr trades, 1:- Q ceme tc t1 conclusion that all 

dusts did not shorten 1Lfe to the same extent, e.g. sandstone 

nuarry workers died eerly, while brick and lime.stone workers 

were rarely aefected. In summing up the chapter on dust 

diseases in his book, Thackrah stated :- "Dust is the great 

bane of manufacture, and whether it be farina, animal or 

vegetable fibre, or evolved from minerals, stone, lime, coal 

or metal, it injures the respiratory organs in proportion to 

the mechanical ieritation it induces on the bronchial membrane". 

Gregory (1831) described the lungs of a miner as 

being infiltrated with black matter resembling coal, and 

ner&all (l834) wrote aciut tie eethological features of coal- 

miners' pneumoconiosis. 	Put it was Thomson (lPW) 111- ) Faye 

an accurate description of the condition. 

It was about this time that pTersicians were 

beginning to be conscious 	Ve distinction between fibrosis 

due to dus t alone and the conditin complicated by tuberculosis. 

Thu' Hall (1857) stated clearly that "there is no neceFsary 

connexion between the Sheffield grinders' disease and toracic 

consumption, although both affections may be present in the 

same individual". 

Greenhow, the first state medical inspector of 

factories in England, stuied the patholoFical lesions in the 

lungs of workers who died from dust diseases (1865). 	He was 

also the first to use polarized light to demonstrate silica 

particles in t1 lungF of reetal rinders. 	Is e result of 

his work, the first Xpyal Co.micsion was apeinted to 
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investigate the health conditions among miners (1861). 

Peacock, a member of this Commission, was the first to 

disti,.guic-  between miners phthisis and pulmonary tubercu- 

losis. 	t detailed account of the progress of dust-phthisis 

among stone-cutters is to be found in the works of Allison 

and Hugh ?Piller (1869). 

During tl is period it was observed by many physicians 

that in tlose mines where miners phthisis was prevalent, rock 

drillers suffered from a more rapid onset of the disease tan 

other miners. This and other similar evidence led to the 

belief that the ireportant factor in tie causation of tle 

disease was tie character of the dust. 

Although many writers described the effects of 

various dusts on the lungs and gave the resulting lesions 

names descriptive of the causative dusts, it was not until 

1866 that the term upneuronckon;osEVas coined by Zenker, who 

also described the anatomical lesions le lungs so ai:fected. 

Kussmaul proved by chemical mans that inhaled dust was 

,eposited in the lunbs. The term silicosis was used by 

Visconti, an Italian, to der;ote the Changes produced in thr,  

lungs by the inhalation of _silica. 

Towards tte latter part of the nineteenth century 

the health of miners evoked a great deal of interst through-

out the world - an interest which had been slowly mounting 

from the time when the dangers miners were exposed to ,ere 

realised. 	Perhaps the advancement of industries in \tria.sccurrtr.ieF 



was responsible for this concern over the healt."-  of the 

miner. This led to the development of the study of 

pneumoconiosis and attempts at its prevention, and the various 

stages of its evolution in different countries is particularly 

interesting. 

GRFAT ITAI  

In Great Ilaitning fifty years after the First 

Royal Commission of 1861, a second Commission was nieiointed 

to study the prevalence of disease among Cornish tin-miners 

(1902). 	Haldane (1904), a member of this Comriissicn, tfought 

that the condition was due to the rock dust present in the 

atmosphere i -thaled by the r!iners. 	It was found, that a 

definite relationship existed between the nuartz content of 

the inhaled dust and the incidence of tuberculosis, as shown 

emong workers in slate quarries in `vale s. 	-hereafter, in 

1906, thn Workmen's Compensation Act made provision for the 

payment of compensation to workmen contracting occupational 

diseases, though only a few such diseases were included. 

Followine on tile, investigations were made in various dusty 

trades, e.g. slate refractories, sandstones, pott'ri s, coal-

mining, etc. 

Mcrae (1913) demonstrated the particle size of 

dusts w' ich were espirat le - "the lamest particles to gain 

access to f and become embedfed in the lungs eere not more than 

10 p in diameter and 70% of all particles were less than 1,u. 

Haldane in 1914 claimed that the pat'clogical process 
was essentially the same in th-) following words :- 'I believe 



the disease is the same all over the world and the end comes 
trough tubercular infection". 

Collis, in his Milroy lectures (1915), expressed 
the view that silica i the form of free SiO, alone 
stimulated the eormation of fibrous tissue. Many investi-

gations have been made since 1917 in various induetries - 
pottery and granite industry (1930), metal grinding and casting, 

refractories industry, coaLmininE industry (Middleton 1931-35), 
iron mining (Stewart and Faulds 1924). Duot counts were made 
in industries ehere the atmosphere was known to be charged 
'cith dust, using the Owen's jet dust counter (1922), and 

petrographic determinations were also made. These investi-

gations revealed the fact that only exposure to free silica was 

capable of producing the disease. 

The chemical aspect of the problem of silicosis was 
studied by Gye and Kettle (19e2) and Gye and Purdy.  (1922). 

The latter workers advanced .the theory that finely divided 

silica in the lungs slowly formed a silica sol which acted 

as a direct cell oison. With this view Heffernan and Oren. 
(1928) were eot in agreement, while King (1945) held that Vie, 
theory did not always apply in practice. 

Kettle believed that silica in. the lungs was 

absorbed in a colloidal form aed then acted as a tissue 
poison and paralysed phagocytes, lowering their powers of 

action. This latter fact appears to be of some importance 

when the relation of infection - particularly of tuberculosis 
to pneumoconiosis ie studied. 	Gye and Kettle (1922) and 



Kettle (1924) proved by animal experiments Vat tle prese Ice 

of silica ie. the tissues e ha Ice ,  the lesio-s produced by the 

tubercle bacillus. 
Middleton (1931-35) slowed Vat 	`;out'.  

and Yonmouthshire coalminers the cleat' rate from silicosis 

wit-h,and without tuberculosis was very 1  ig as compared with 

that of workers i the rest of England and Scotland. 	Is the 

Sout-  Vales coalfields t' , e type of silicosis is "iefectisre" 

(Irvine 1937) - massive fibrosis is a silicotic lung - probably 

due to tuberculosis, a1tboug the causative organ ism is not 

always demonstrable. 

Jones (1933) put i'orward the hypothesis that sericite 
or secondary white mice - a hydrated silicate of aluminium and 

potassium - was the substance responsible for tee development 
of silicosis. 	Via conclusion was based on the finding that 

mineral residues cif lungs examined by him showed the presence 

of sericite. 	Fallow aid Ranting (1934) disproved this by 

their discovery that intratracheal and subcutaneous 

injecti(ns of a suspension of sericite failed to produce any 

nodules, while quartz similarly Injected produced classical 

silicotic nodules. 
The study of the action of various substances in 

accelerating or retarding t, e progress of silicotic fibrosis 

in tissues has formed an interesting problem for many workers. 
Yaldane (1917) held that certain rocks were antidotal to 
silica. 	Fe alsk believed that coal might inhibit the action 

of silica. !inrt and Aslett 1942) found Vat coal by itself 
produced a type of p,eumoconiosis referred to as "dust 
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reticulation". This condition has been described by Belt 

and Ferris (194) and Gough (1940; 1947 (a) and (b)). 	Ray, 

King and Harrison (1951) showed by animal experiments that 

coal, far from inhibiting the action of quartz, produced more 

fibrosis when used with it than l‘ren quartz was used alone. 

Heffernan an:_i Green (1928) found that clay, carbon and shale 

dust inhibited the action of silica. King (1938),  Whitehouse 

(1938) and Bremmer (1939) proved that,in the presence of stone 

and shale dust, silicic acid had a lower solubility than by 

itself. 

Kettle (1932 and 19:4) showed that th depressiGn 

of the solubility of quartz particles by coating them with 

iron oxide rendered them harmless. King, McGeorge and 

_Roman (1938) found that metallic aluminium was very effective 

in depressing the solubility of quartz. 	Later, King, v:right5  

Ray and Harrison (1950) found that in dustin experiments on 

a.imals carried out by using a mixture of X metallic 

aluminium and quartz, the fibrotic action of silica was 

retarded by the simultaneous use of the aluminium. 

7c.A. 
Peterson of 7ew Yor was the first to report 

the autopsy findings in a case of what appeared to be silicosis 

in a foundry worker in America in 1887. 	Canedy (1887) and 

Betts (1900) reported similar cases in a cutlery factory and 

gold-crushing factory respectively. 	In 1915, the U.S. 

Bureau of Mines and U.I. Public Health Service investigated 



the occurrence of silicocis among lead, zinc and hard metal 

miners. This was followed by investigations ie many industries. 

Greenberg and Smith introduced a dust-sampling device - the 

impinger - in 192, and Pancoast and Pendergrass described the 

X-ray diagnosis of ailicotic lesions in their book published 

in 1926. 

Gardner (1903) i .dicated that silicosis was due to 

exposure to quartz duct 9%3 later demonstrated that attenuated 

tubercle baccili and quartz dust,wben injected I. -etc) animals, 

produced fatal tuberculosis (Gardner 1929). In 1933 the 

U. Public Health Eervice undertook a survey of lung disease 

in anthracite and bituminous coalmines, which revealed a high 

incidence of di cease often associated with tuberculosis in 

the a thracite-'ining areas and none in the bituminous areas. 

The term anthraco-silicosis was given to this form of disease 

to denote that the cause was silica. 

Many industries, such as founerj1  granite, pottery, 

marble, cement and abrasives ere looked into by the local 

authorities, and the conclusion: reached were that the incidence 

and clinical features of silicosis were proportional to the 

duration of exposure to silica dust and infection. Work 

done by Gardner a 	 is asseciates at Caranac Lake Laboratory 

supported these findings. 	Gardner, Dworski and Delahant 

(1944) found experimentally that quartz could be neutralized 

by coating with aluminium oxide. Vorwald, Pratt, Dworshi 

and Delahant (1950) fou d that when guinea-pigs inoculated 

with BCC vaccine were infected with attenuated human. tubercle 



bacilli (R1 strain) and exposed to quartz inhalation, they 

succumbed to the disease, and showed no signs that the 

inocculation served to modify the infection. 

SOUTH AFRICA 

Gold mining was started in South Africa in 1886, 

and in 1902 the occurrence of miners' phthisis was noted 

among, rock-drillers and investi-pti:ns made. 	Compensation 

was inaugurated in 1912 and 1916. Engineering methods were 

introduced to lower the dust concentration in nines, and the 

Kotze konimeter, which was devised by Sir Robert Kotze for 

tTe estimation of t'e ccncentrati n of dust, was used. 	The 

safe limit of concentration was raaced at 300 particles/c.c. 

Among tTe many workers in South Africa w'o have been responsible 

for the furtherance of t'e knowledge of silicosis, -atkins-

Pitchford (1927), Watt, Irvine, Johnson and Stewart (1916), 

Irvine (1930 and 36), Mavrogordato (1922 and 26) and Simson 

(1930 and 3 ) .deserve special mention. 

CANIOA 

As early am 18751 	7illiam Osler described 

the pathology of miners' dusted lungs. 	Silicosis has been 

studied in the gold fields as well as in various other 

industries. Cunningham and Riddell in the Industrial 

Hygiene Division of the Ontario Health Department orked 

on the clinical aspects of the disease. 	Belt (1929) carried 

out experimental work and clarified the pathology of the 

condition. 	work on the subject has also been done 
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at the Banting Institute by Ting, Fallon, Stantial, Irwin 

and others. 	Irwin in 19:4 described a micro-incineration 

technique for detecting te silica is tissues in relation to 

fibrosis, wlile in 1937 and 1939, the same worker, in 

conjunction with Denny and Robson, showed Vat Quartz fibrosis 

could be prevented by the simultaneous inhalation of metallic 

aluminium. 

AUSTRALIA 

Silicosis was found among workers is the mining 

and metalliferous irdustries in Australia. 	In 1902. ''sewer 

disease" was reported among t' ose disging a system of sewers, 

and the cause was believed to be dust. 	In 191s, a Royal 

Commissi(n reported that at Broken All the incidence of lung 

infection aosi.2 underground workers was very high and that 

dust inhalation was a predisposing factor. X-rays were first 

used for t'e diag osis of silicosis in 1919, and in 1921 stands 

for diagnosing different stages of the disease were set up. 

Badham (1924) placed t'e standard permissible concentration of 

dust at 200 perticlesic.c. 	Compensati,n for silicosis was 

established in 1927. 

Grat:ANY 

Although Paracelsus fisst Described lung diseases 

due to dust ishalatisni  it was Arnold (1900) who definitely 

distinguished between tuberculosis 	dust fibrosis. 

Mortality rates among workers in various trades were studied 

by Summerfeld (1894), Voritz and Ropke (r99), Lewin, 

Hirt and Wilbrandt (1P'26'. 	The X-ray appearances of the 
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lungs of silicotics ware described in detail by 7tnub-Otiker 

(1916), the earlier lesions being described by Koelsch (1930) 

and Koestle (1928 and 1936). 	Compensation for silicosis was 

introduced in. 1929. The experimental aspects have been 

studied by Lehmann (1935 and 1936), Gross (1931) and Jotten 

(19331  1935 and 1936). 

7RAUCS 

Coal mining was ottrted in tie coal fields in 

:-orthern France in 1720, and was extended gradually to the 

rest , f the mining areas (Leclertl, 1950). 	OC:do (1899) was 

the earliest worker to correlate an X-ray picture of pneumo-

coniosis with the post-mortem findings. Although the 

occurrence of p eumoconiosis among coalminers in the Pas-de-

Calais had been recognized for many years, it was not until 

recently that the condition vas investigated from the point 

of view of compensation. 

In 1929 t'_e Praach Ministr: of Labour passed a 

decree which made it obligatory on doctors to notify 

pulmonary affections caused by dusts, in order to obtain 

information for fur o, es of compensation (Fell, 1930). 	In 

1930, a systematic study of tie occurrence of p_eumoconlosis 

in miners vas made and the proportion of workers affected 

by silicosis was found to be 8 (Brehan and Leclerc, 1934). 

Courozier and Magnin (1937) reported a high iaci:cnce of 

tuberculosis among miners exposed to silica dust. 	In 1915, 

all miners were subjected to medical examinations and mass 

radiography, as a result of which the incidence of silicosis 
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among all miners was estimated at between 16% and 18% 

(Leclerq 1950). 

SeveraT workers have been engaged in the study of 

tWieroblem of pneumoconiosis in France and among the many 

such the followinL names may be included :- Policard (1930 

and 1931); Policard and Devuns (1930); Policard and Martin 

(1930); Magnin (1935); Policard (1939 and 1947); Nicod (1950); 

Major (1950). 

ITALy 

Pneumoconiosis in various industries in Italy 

has been studied by Davoto and Cesa Bianchi (1911), Pesenti, 

Manzi (1913) and Bardi. 	Giglioliis work established that 

silica was the cause of the lung leeions produced in pneumo-

coniosis. 

;CANDINAVIA 

TIle first cases of silicosis were diagnosed in 

Norway in 1973, and since that time over 2,000 cases have 

been diaaeosed till 1948, out of a group of about 20,000 

exposed workers (Brumsgaard, 1970). 	These incluee asbestosis, 

and talc pneumoconiosis as TNell as silicosis. Under an Act 

of 1937, all miners must undergo a full medical examination, 

including .7':-rays, before taking up ar'ployment. 

In Fweden, silicosis was recognised as an 

occupational disease urnler tl- e Workmen's Compensation Act 

in 1931 (Forsamann, 1950). 	An investigation undel.taken by 

Rruce revealed Vat about 6,500 workers are exposed to 

silicosis hazards 	various industries. 	"'eskers exeosed 



to such risky must submit tIsmselves tc a medical examin-

aticn beforel and periodically during, employment. This 

practice uas introduced in. 1939 and enforced since 1941. 

14 
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7CM17T,ATURE /5DnFSICINIFICAUCE 

The word "pneumonoconiosis" or "pneumoconiosis" 

as it is more popularly used, is of Greek derivation (srsesee' 

= lung, sO6; = dust), and was introduced in 186 by Zenker, 

a German pathologist, to describe pulmonary fibrosis 

resulting from dust inhalation. 	In its widest sense the 

word pneumoconiosis is used as a generic term to describe 

all forms of pulmonary reaction to inhaled dust, with no 

implication as to its character, severity or effect on function, 

a view w"ich covers tl)e trole field of pneumoconiosis (Gardner )  

1940). 

It is now generally accepted that wheo the dust 

causing pulmonary fibrosis contains a large percentage of 

silica, e.g. quartz, the condition be termed silicosis. 

Cooke (1924) and McDonald (1927) used te term asbestosis 

to indicate fibrosis resulting; from t1e inhalntion of asbestos 

dust. Various organic dusts are also k own to be capable 

of producing fibrosis, and tloese conditions have a nomen-

clature indicative of te causative agent, e.g. byssinosis 

from inhalation of cotton duct, bagassocis from inhalation 

of cane sager fibres. 

At t'e present time pneumoconiosis is an accepted 

occupational disease in many industries all over the world. 

It is important from the point of view of 7orkmen's 

Compeosation, and io Great Britain it is defined for this 

purpose In the 7ational Insurance (Industrial Injuries) Act, 

rect. 57(3) as :- "Fibrosis of te lungs due to silica dust, 



asbestos dust or other dust, and includes tie condition of 

the lungs kno%An as dust reticulation. 

16 



77/17.117 	TT.77, Dt7r7 AND  ITC 
RELATION TO PNEWOCONI9SIS  

Duet Tny be defined ;7)s. pertcelete -latter in a 

state of fine slYbdivirion to be blown alecut ie clouds by the 

wind, and may be organic or inorgaeic. 	7evrogordato (1930) 

classified dusts enterii.g tTe lungs into four croups :- 

(1) harmless dusts; (2) dust which. is harmless but may 

contribute to the damage wleee inhaled with harmful dust, e.g. 

coal, iron ore; (3) harmless dusts which have a protective or 

aetidotel value eql-een inhaled 7eien hermful dust; (4) harmfUl 

dusts, such as fres silica and silicates - quartz and 

asbestos. 

Duets met eith ie inductries may be of animal, 

vegetable or mineral origin (Doig, 1949). 	Of these, only 

the inorganic mineral dusts are regarded as being responsible 

for the production of pneumoconioete in the strict sense of 

the word. 'tiller and Sayers (1924) divided them into two 

artificel ,'roues, based on the tissue reactions evoked by 

them in guinea-pi3s antra-peritoneally. 

(A) Ducts containing free silica, silicates or silica 

mixed with other dusts, aed capable of producing 

fibrosis - active or proliferative dusts. 

(B) Dusty which do not contain silica in any form 

and therefore produce no specific action,but only a 

foreign-body reactiozi with mild reticulinosis - inert 

or nen-prcliferative dust:,. 
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In many industries these two types of lust may co-

exist and so modify the clinical and patl.ological features 

of the dieeases produced by their inhalation (King and 

Nagelschmidt, 1945). 

King (1950), classified induetrial dusts according 

to their varying degrees of pathogenicity as follows :- 

1. Pathogenic dusts which produce the maximum lung 

lesions, e.g. quartz, flint. 	They are mostly free 

silica dusts and have a fair solubility in body fluids. 

2. Inert or diluent dusts, e.g. coal, graphite. 

These are usually on-siliceous, of low solubility and 

produce only very mild lung lesions due, perhaps, to the 
blocking of lymphatics. 

3. Anti-dotal dusts, e.g. shales. They are mainly 

silicates, have a low solubility and produce hardly any 

pulmonary lesions. When mixed with. quartz, they depress 

its silica solubility. 

Pneumoconiosis is a serious problem in many 

industries where tie workers are exposed to free silica, 

silicates, mixed stone-dusts and mixed stone and coal dust 
(King, 1951). The industries concerned include mining and 

euarryieT of siliceous rocks, manufacture of abrasives, potteries, 

coal-mining, metal grinding, sand-blasting, etc. 
Various factors play a part ie the rate of 

incidence ad the grade of inter 	of the disease, the 

sigeificaee ones being the nature of the dust (chemical and 

physical), the degree of exposure to the dust, presence of 
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infection, and iedividual susceptibility. 

The chemical nature of the dust and its relation 

to pneumoconiosis depends on the amount of free silica or 

silicate it contains. Duets containing large amounts of 

free silica are harmful., while some silicates too are harmful. 

The concentration of dust in the atmosphere inhaled, 

and the period of exposure to it, directly influence the 
incidence of the disease. 	Small amounts of dust when 

inhaled can. be  elimieated from the lungs without givtng rise 

to any deleterious effects, whereas larger amounts may remain 

in t1.e lung and set up patlological changes. 	The so-called 

"safe limit" of dust concentration in the atmosphere has been 

placed at various levels by many eorkers on this subject - 

Kotze (1916) in South Africa set it at 300 particles/c.c., 

Dadham (1924) in Australia at 200 particles/c.c. 	It is now 

believed that concentrations below 110 particles/c.c. cause 

no damage, 185-370 particles/c.c. produce nodular fibrosis 

in some cases, and over 370 particle s/c. c. ere definitely 

dangerous. 

The amount of dust i suspension in. the air 

breathed depends on the particle size, specific gravity, 

agglutinability and the capacity of the dust to absorb water. 

7eavy and large particles settle euicker than smaller ones)  
while those which clump remain in. suspeesion for a shorter 

period than those w'Ich do not. 	Particles less than 1;u 

in diameter settle 1-3 ft/hr., while in. the case of particles 

5 ,u in diameter ,specific gravity exerts a greater influence - 
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sp. gr. ef 7 falls at 6c ft/1-.r. and sp. gr. from ;;'-6 at only 

The size of dust particles - mainly silica- which 

produce harmful effects on V e lunk.,s, has been studied by 

IfcCrae (1913)  atkins-I itct ford and oir (1916), ;'svrogordato 
(1926), Giese (1931) ad Policard (1973). 	it is agreed that 

moat of these particles are about tie sane size as ordinary 

-1 -iero-organisms. 	The smaller particles /.81/0 a greater surface 

area w icy is avaiiaL1 icr chemical activity. 	TI- us t ey 

!eve a greater solubility. Particles below 0,5/u may be 

dissolved cad excreted i -, the urine witl out causing much 

daraage. :dmilarly,  particles over 10 u are roved by ciliary 

action in the upper part of the respiratory tract. Perticlee 

bet;eoa 0.5 ,i and 10 - particularly toe LeJer 	e;-.ter 

the terminal bronchioles w 10 have no ciliated eiteiii 

lining, and can be removed only by phagocytes via the lymph 

el ennels. These are t e particles V at cause damege to the 

lungs. Gardner and Cummings (1933)  showed that the most 

,iangerous particles were to  se between 1,1 and 3 

asbestos fibres the dangerous range is 15-5C 	but even up 

to 200/4 may produce lesions. 

In general, tl erefoee, the smaller te silica 

particle inhaled - within the harmful range - the greater the 

chances of its penetrating into the most vital parts of the 

res" irate's:). organs and there producing lesions. 



(3) 

DisTRIBuTIcm-  IN ItTATUR, 

SOLUBILAITY A:0  '"-PTIBOLISM 

28% of the earth's crust consists of silica. 

Oxides of silicon (5102) form about 60% of all siliceous 
rocks, the actual amount varying from 30% - 80%, depending 
on whether a rock is acidic or basic. 	Silica is also present  

in plants, some of whiChIlike horsetail, have a purely 

siliceous skeleton. 
Silica occurs in, nature as free silica (5i02) 

or in combination with metals as silicates. 	Free silica 
occurs in earths, ores sled stones in various states of purity. 
:Aire silica exists in three forms :- 

Crystalline, e.g. quart', tridymite, 
Cryptocrystalline, e.g. flint, chert, jespar, 

chalcedony. 
Amorphous, e.g. opal, tripoli, diatomaceous earth. 

Coal, haematite, granite, graphite and slate may contain vary- 
ing amounts of silica as a contaminant. 

Silicates occur in two forms ;- 

(1) Hydrous silicates, such as mica, talc and kaolin 
varietie s. 

(2) Anhydrous silicates, e.g. felspar, pyraxene, 
amphibole, garnet and topaz. 

Solubility of Silica 
Silica is usually believed to be insoluble owing 

to its inert and crystalline nature. 	The results of earlier 
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workers on the solubility of silica have little to commend 

them, since the finely divided particles of ouartz could not 

be easily separated from the solution. As early as 1874, 

Lunge and Schorer-Tscherny reported the complete solution of 

powdered quartz in 1 KOH and I'aOH in 32 and 34 hours 

respectively. 

In 191 Filler found that the particle size of 

quartz had an effect on its solubility, the smaller particles 

having a great -r solubility. Other workers confirmed the se 

findings (Briscoe et al 1937, Lucas and Dolan, 193A). 	By 

the use of high speed centrifugation (King and McGeorge, 193$) 

and ultra-filtration. (Titus, 1937) it was found that euartz 

particles could be removed from the suspension, and the true 

amount of silica in the solution estimated chemically. 

1esides particle size, the presence of small 

amounts of impurities eas found to effect silica solubility 

by depressing it, e.g. tie metals aluminium, iron, calcium, 

magnesium en:d their oxides (Kettle, 1924, Denny et al 1937, 

1939 (a) a =d (b) ), mincral silicates such as kaolin (Gardner, 

1938; Belt and King, 1945), coal (Haldane, 1917 and 1931), 

and clay (Heffernan aid Green, 1928). 	Silicates have a lower 

silica solubility as compared to similar-sized particles of 

free forms of silica, disrolvi,ig only to the exte t of about 

1 mg. Si02  in 100 ml., ehereas quartz dissolves between 4-14 mg. 

Si02/100 ml. 

It seems, then, that tie factors influencing the 

degree of solubility of silica are (a) the particle size, 
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(b) the concentration of suspended solid, (c) the presence 

of small amounts of impurities in the dust, (d) the method 

employed to separate the solid from the liquid phase. 

The solubility values for silica and silicate 

dusts fronl the work of Archer (1932), Rriscoe et & (1937), 

Deny et Al (1937), Whitehouse (1937), King and McGeorge (1938) 

are as follows, as from King's 'Silicosis: A Review " (1942), 

FolubilitY values for Silica end  stlignIg_Iwts  

11.••••••••=11.,  

Oust 

Amorphous silica 

14 

Ouartz 

v N 

Flint 

Granite 

Asbestos 

Fuller's earth 

Kaolin 

mg. S102/100  c.c. 	Licuid 

	

10.0 	'ater 

	

14.0 	Pleural fluid 

	

9.0 	Blood serum 

	

9.1 	Ascitic fluid 

	

4.3 	Tater 

3.8  

2.7 

	

19.0 	1% NaHCO3 

	

9.1 	Ascitic fluid 

	

8.9 	Blood serum 

	

14.7 	Water 

	

6.5 	 Ascitic fluid 

	

0.7 	Water 

	

5.0 	1% NaHCO3 

	

11.2 	Water 

2.1 

	

1.4 	Ascitic fluid 

	

0.7 	Mater 



PApI 	 mg. SiO2/1(:0 c. c. 	Liquid 

Kaolin 	 0.4 	 Ascitic fluid 
Sericite 	 0.7 	 'titer 

,1 
	 0.9 	 Ascitic fluid 

Talc 	 0.8 	 Ascitic fluid 

Latabolism cf silica 

Silica is a normal metabolite of the body (King 

and 'tantial 1933), and is found in small amounts in nearly 

all ticsus. 	When excessive amounts of silicic acfl are 

absorbed from the intestines of animals excretion takes place 

in the urine without an appreciable rise i• the blood silicic 

acid level, which is normally 1-2 mg/100 ml. The 

accumulation of large quantities of silica in tie body is 

thus prevented. 	An entirely different state of affairs 

ensues when solid silica is introduced into t1a tissues. 

Ta particles are not easily removed and remain indefinitely 

in the tissues releasing silicic acid in high concentrations, 

consequently giving rise to silicotic nodules. 
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TF7flAXTS OF   =Man 

It was a common belief among the earlier workers 

in t'- is field that the lung fibrosis in pneumoconiosis was 

due to the mechanical irritation caused by the sharp edges 

of inhaled dust particles (Thackrah 1832; Tolland 1843; 

,lison and Yugh Miller 1869). 	This was k own as the 

mechanical theory and for some time it was accepted. 	,-owever, 

Gardner (1923) showed t at carborundum particles, which have 

very sharp edges, whe introduced into tie lungs of animals 

lid not produce a y fibrosis. 	On this piece f work, the 

mec'anical t' eery could not be upheld without question, and 

in fact, has long since been discarded. 

Collis was probably the first to suggest that the 

chemical nature of the dust was responsible for the pro-

duction of fibrosis. The chemical theory received support 

from many workers. Gye and Kettle (1922), and Gye and 

Purdy (1922 and 1924) showed experimentally that fibrosis 

was due to the toxic action of silica on tissues. 	Co-elusive 

proof of the chemical ti,eory was produced by Kettle in 19'), 

when he demonstrated that quartz particles, which stimulated 

fibrous ti cue formation when introduced into the lungs of 

rats, failed to do so if they were coated with a layer of 

iron oxide, which in no way altered their angular nature. 

Fe suggested that a toxic substance - silicic acid - was 

released from the dust particles and this irritated the 

surrounding tissues, givin rise to fibrosis. Many workers, 
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including VavrcEordato (1926), Policard (1933), Fallon (1937))  

King and Belt (1938) and Gardner (1940), agreed with Kettle's 

views. 

King and Belt (1938) stated that the solubility of 

any store dust was directly related to its pathogenicity. 

This is so ir the majority of cases but it does not always 

appear to work in practice (Ki7g, 1945). 	Several such dusts 

are mentioned by Kirg (1947) where the pathogenicity and 

solubility are riot in direct proportion to each other, e.g. 

a powdered sandstone of low solubility was found to be very 

pathogenic )  while 20 angstrom silica produced no fibrosis, 

although its solubilit, was high )  and olivine which had an 

intermdiate solubility produced very little reaction in the 

lungs of animals. 

In the study of the solubility theory of silicosis )  
the exchange of bases between the mineral particles and the 

surrounding ti :sues is of importance. 	According to Bragg, 

silica minerals are classified into two groups, depending on 

whether their crystal structure is octahedral or tetrahedral. 

':hen molecular exchange takes place between the mineral and 

its environment, elements such as calAum, potassium, sodium )  
are replaced by water cr hydroxyl ions which enter the molecular 

lattice of the rAneral. This produces hydration of the 

mineral an:i alkalinication of the medium. 	The latter 

occurrence 	been found to increase the solubility of silica 

in invitro experiDents. 	Policard (1933) showed that 

alkalirniation also has ar effect on the cell reaction -- 
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cells enlarge, ixclei hyi,-rtrophy and vw.uolatioL cf the 

cytplasm secure. 

FresIly-Fplit particles of Jut ere believed to 

have greater biological activity that.,  old particles 

(l'effernan and Green, 1 	since tl'e fractured surfaces 

possess at ilimcrous points free and unsatisfied valency 

forces whereby watef ic attracted aid held in the hydrated 

particle. This hydration can liberate bases held in the 

crystal lattice. 	This t".:eory has riot received much support, 

while another put tomard by Jones (1933 and 1934) that the 

pathogenicity of a dust vaz.  _lue to the presence in it of the 

fibrous milleral silicate sericite, could not be substantiated 

by the results of ahinal excerlants. 
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ASTICLOCY  

It eas realised from the earliest times that 

lung affections of workers in certain occupations were due 

to the inhalation of dust. The predominant feature of the 

disease was lung involvement, usually associated with tuber- 

culosis, a _d the condition was spoke of as phthicis. 	Some 

confusion existed as to the relationship between t-eis 

co, dition and tuberculosis itself. 	Hall (1857) pointed out 

that there was no connection between Sheffield Grinders' 

disease and tIloracic consul-ption, and Koch's discovery of the 

tubercle bacillus in 1P82 finally eettl ,d the question. 

Duet vas co sidered to be th harmful lector in 

t,ese occupational diseases by various workers trough the 

ages. 	Gregory (1831) described miners' lungs as being 

infiltrated with black material like coal. Thackrah (1832) 

believed that sly kind of 	- animal, vegetable or mineral 

produced injury to the respiratory organs, depending on the 

degree of mechanical irritation of the bronchial mucous 

membranes. Calvert Holland (1843) geve an account of the 

structural changes in the lungs, brought about by dust 

iehalation. 

In 1902, an Englic DepartmenUCommittee which 

included Jr. Haldane among its members, reported that while 

the primarj lesion in tre lungs was _ue to dust inhalation, 

it predisposed to pulmonary tubeeculocis, so that many 

miners ultimately died of tl latt r disease. 
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Collis in 1915 came te the conclusion that silica 

in tle form of fre silicon dioxide eas the sol- dust capable 

of otimuletieL t'e forme tion of fibrcee tic sue • 	This was 

based on analytical studies, from wAch he also concluded that 

non-siliceous dusts were far less harmful than siliceous ones. 

McCrae (191?) demonstrated that L1,2 majority of dust particles 

gaining access to the lungs were less than 3 /12 in diameter, 

and tIe largest ones were of more than 10 1u. Cye and Purdy 

(1922) and Gye and Kettle (1922) stated Vat crystalline 

silica disolved in t body to form colloidal silice which 

acted as a cell poison. 

Up to this tine fie- 2 silica was unanimously held to 

be the sole causative agent of pneumoconiosis. More recently, 

however, it has been found that dusts other than those 

containing free silica were capable of producing pulmonary 

fibrosis. 	Cf these, siliceter or compounds of elIlea are 

well known. Cut of tle many oineral silicates, asbestos -

a silicate of iron, magnesium an? aluminium - has been proved 

to produce fibrosis in tie lungs of experimental animals. 

Tele, frenc: clalk, kaolin and a variety cf other silicates 

lave also beon found to produce a mild form of pneumoconiosis. 

King (1947) is inclined to the view that silicates are less 

toxic tan free silica-containing Jests, owing to the lower 

solubilities of the former. 

Various mixed dusts and some eon-siliceous mineral 

dusts too are capable of produciag pullonary lesions. 	Coal, 

graphite, granite e d haematite produce a mild degree of 



fibrosis, tle so-called "dust reticulation". 

accorddrg to some workers, is a harmful dust, producing lung 

dieeaE,  in those who  inhale it, 	others believe that it 

Las 	libitory action on quartz, preventing tIe occurrence 

of silicosis to some extent. 	King and .is associates (1930) 

found tiat,in experimental animals, aluminium had an 

inhibitory effect on the silicosis-producing action of ouartz. 

Predisposing causes 

'1ile all races are susceptible to dust disease, 

tie i ciaerce Las been found to be higher  among those 

previously exposed to duet acid to respiratory infection. 

some individuals among tiose exposed to dust seem to show 

a greater predisposition than others, although the reason 

for tTis individual susceptibility is still beyond 

cxplanaion. 



PATHOLOGY OF ETLICOCIS  

In order to have a clear concept of the patiology 

of pneumocoliosie and silicosis, it is necessary to understand 

the :necha aems provided for the elimination of particulate 

matter from the lungs. The.ee can be considered under the 

following processes :- the ciliary action of the cells of the 

mucous membrane lining the respiratory passages; alveolar 

phagocytosis; and the pulmonary lymphatic system. 

Under normal circumstances the cells of the lining 

membranes of 	bronchi are ciliated and capable of removing 

inhaled particulate matter. This protective mechanism was 

first demonstrated by Leonard Fill (1928), when he found that 

a suspension of lamp black in Ringer's solution vas carried 

along the mucous membrane by cilia at the rate cf 3 cm/min. 

Both fine and coarse particles were carried in that way. 	If 

a small area of ciliated epithelium is damaged, 	by repeated 

attacks of infectioe or injury, the cells are replaced by 

squamous epithelium vf:ich is non-ciliated and permits the 

accumulation ie. tile lungs of inhaled dust particles. 	Any 

factor which causes inhibition of tl'e normal ciliary action, 

therefore, prevents the elimination of inhaled dust from the 

lungs. 

When dust particles enter the alveoli througT1 

failure of the protective mechanisms, the formation. of "dust 

cells" occurs. These cells are formed by hyprtrophy and 

hypi‘rplasia of the septal cells of the dveoli but their 

exact origin - wheter epithelial or meseeehymal - is still 
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in doubt. Policnrd believes that they originate from 

mesenchymal elements and histiocytes. 	They appear in large 

numbers, acquire phagecytit powers which they do not normally 

possess, and engulf^ dust particles tety come it contact with 

(Fenn 1921). These macrophages or phagocytes, or "dust 

cells" as they are called, accumulate in the &ueoli and pass 

through. their wells to enter lymphatic veesels. 	some cells 

mny enter fine bronchioles and be removed in the sputum by 

coughing up. 

Miller (1947) divided the lymphatics cf the lung 

into closed and open types. 	In man they are of tl.e closed 

type and do not communicate with the pleural eevity or the 

connective tissue spans by mcans of stomata. The lymphatics 

of the lung are arranged in a superficial set in the pleura 

and a deep set accompanying the bronchi, bronchial and 

pulmonary vessels and in the connective tissue septa between 

the secondary lobes. 	A communicatioll existsl at the pleura 

nfll tik? hilum, between the two sets. 	At the points of 

correaunication between the lymphatic trunks within the lung 

ere small collections of lymphoid tissue - lymph follicles -

which act as filters fled cTelually increase in size as the 

hilum is approached. 	"'le lymphatics discharge most of their 

contents into t1  e tracheo-bronchial lymph nodes. 

Drinker ari Field (1933) stated that once dust 

particles entered t1e alveoli t'fiey were carried into the 

lymphntice either by neLLs 	dust cell er ac free. particles. 

The first sites of .'eposition are the intra-pulmonary lymph 
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follicles and tIen the tracheo-bronchial lymph odes 

(Sirnson 1930). 

Nietogenesis of 

Duct, particles ingested by cells exert a specific 

influence on tem, depending on the type of duct ingested. 

Inert dusts like coal and soot do not affect the protoplasm 

of the cell in any -earmful way and are excreted (Gardner 1923). 

Silica particles, on tle other hand,are toxic to cell proto-

plasm and inhibit cell motility. Mavrogordato (1922) and 

Policard (1933) have stated tiat the cell is killed and 

undergoes a procees of "mummieication", when acted on by 

silicic acid which is formed by 	slow disintegration of 

silica particles. 	Some cells may even. undergo destruction, 

leaving behind insoluble particles of silica which may be 

phagocytosed anew and so tIe process continues. Gye and 

Purdy (1922) and Kettle (1932) believed that the resulting 

changes in the tissues were clue to tT-,e toxic action of 

colloidal silicic acid formed by the disintegration of silica 

particles. Fallo (1937) was of the opinion that the 

formation of tj,e silicotic nodule was due to the action of 

phospholipids released by the macrophage cells containing the 

irritant particles. Whatever the cause, the dissolution of 

silica stimulates -Le proliferation of fibroblastic tissue in 

its vicinity, with the formation of a nodule in consequence. 

This nodule is composed of connective tissue fibres - reticulin 

in the early stages and collagen later - characteristically 

arranged in the form of a wicker-basket. A.th increased 
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fibrous tissue formation tie cells disappear and leave free 

silica particles within the nodule. 

The initial phase in the formation of the silicotic 

nodule is the accumulation of dust-laden phagocytes in the 

intrapulmonary lymph follicles, w'ich according to Sig son 

(1930) and Strachan (1930) are t e primary sites of ievolve-

ment. The lesions, which are characterised at first by the 

occurrence of a network of reticulin fibres among the dust 

cells, progress with the reticulin becoming thicker and more 

compact, till collagenisation follows. Localisation of the 

lesions are in te root zones and the upper lobes in the 

beginning, but spread to all parts of the lung later. Macro-

scopically the early lesions may eot be visible. 

The next stage - discre+e modulation of classical 

silicosis - follows if tie inhalation of silica dust goes on 

for a considerable time. 	The silicotic eodules increase in 

size and further accumulation of dust cells takes place. 

These cells are prevented from entering the lymphatics owing 

to 	lk pressure and obstruction to the lymph flow. 

AggreLations of duEt cells form on the alveolar walls and give 

rise to intra-alveolar nodules, which may vary in size up to 

about 5 mm. and are composed entirely of hyalinised collagen 

fibres arranged concentrically. 	A mild degree of emphysema 

may be found in tie lung tissues beteeee t' e nodules. 	An 

accompanying patchy pleurisy with adhesions to the chest wall 

is a common occurrence. 	The tracheo-bronchial lymph nodes, 

at Vis stage, are extremely fibrous, hard and small. 
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:0 the disease progresses to the stage of massive 

confluent fibrosis, neighbouring nodules coalesce to form 

large irregular fibrotic masses. Confluent fibrosis may 

involve any part of the lung and results in the replacement 

of -ormal lung tissue by massive areas of collagenous fibrous 

tissue, which may even be the size of a cricket ball. 	Blood 

vessels in t e vicinity exhibit varying degrees of endarter-

itis obliterans and bronchi ialy show cfronic ieflammatory 

changes. The lungs are bulky, firm and gritty, pith pleural 

adhesions and very often a layer of fibrin over the pleura 

indicating recent inflammation. 

The picture of simple silicosis, tee - , is one of 

characteristic nodule-formation, which may be very cellular 

with little fibrous tissue in the early stages, completely 

fibrous and acellular later, with coalescence of nodules 

still later. 

Mixed forms of silicosis are known to exirt where 

the essential silicotic process is c&mplicated by infection, 

the commonest of tThese being tuberculosis. 	According to 

Gloyne, the nodules in tuberculo-silicosis may assume one of 

several appearances, e$8.(1)they may possess a grey tuberculous 

centre with a pigmented silicotic periphery; (2) a pigmented 

silicotic centre with a tuberculous eriphery; (3) a ring cf 

small tubercles surrounding a pigmented silicotic centre; (4) 

tubercles and silicotic nodules together. TTistologically 

the nodules of tuborculo-silicceis are irregular ie shape, 

composed partly of collage fibres and ee - tly of caseous 
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material, eith a few giant cells seen outside the nodule. 

Tubercle bacilli may or may ot be present. 	The appearances 

are so vnriable t at Kettle and Archer (19e3) stated the 

difficulties iivolved in diagnosing the condition hieto-

logically. Chemical examination of the lungs for silica, 

together with histoloEical studies, may be of assistance. 

Rapidly Develoaing Silicosik is a condition characterised 

by the development of lu, g lesions leading to a fatal 

termination, following on a short exposure to the inhalation 

of siliceous dust. 	earlier work ,rs studied the pathology of 

the condition and its relation to infect'..ea and references to 

it are found under the term "acute silicosis" (McDonald, 1932; 

Chapman, 1932; Kettle, 1932; Gardner, 1933; Irvine, 1938). 

King (1938) held that it was merely a rapidly developing form 

of tie disease. 

The seouence of events is probably a breaking down 

o the normal defence mechanisms ( f the lung and inability 

to deal with the excessive amounts of dust inhaled, which 

become deposited in the lungs. 	This leads to the release of 

a large amount of silicic acid with the result that a 

peculiar reaction develops - alveoli contain num, rous dust 

cane, the connective tissues t"rouglout the lungs proliferate 

and produce tickeli E of alveolar walls with tie for-ation 

of minute acellular nodules with hyaliee centres. 	Focal 

areas of necrosis offer a favourable medium for the growth 

of tubercle bacilli. 	Irvine (193S) gave the term "dust 

pneumonia" to tt is condition. 
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The picture of classical silicosis is often 

modified by the mixtures of dusts inhaled - fr-e silica may 

exist in a mixture with other silicates and mineral dusts. 

In such cases, the other dust may be found deposited round 

the silicotic nodule. The fibrous tiue in the nodule does 

ot go on to the stage of full collageniation. Nodules 

may coalesce to form confluent areas but t ey are not as 

massive as in cases of pure silicosis. 
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COMPLICATIONS AND STOU7LAE  

The complications of silicosis fall into three 

main groups :- (1) Pulmonary infection, (2) Cardiovascular 

changes, (3) Malignancy. 

(1) Fulmonar-  Infection - By far the most important 

complication is pulmonary tuberculosis - 21% in the series of 

cases studied by Burton Wood and Gloyne (1934). 	Eilicosis 
appears to predispose to the development of tuberculosis and 

the latter aggravates tie course of silicosis. 	Other forms 

of infection due to various organisms, suchas streptococci 

and pneumococci, also occur, probabl as a result o1 th e  break- 

down in the defensive me&arisma in tJe lung. The occurrence 

of fungal infection ti ..as been noted (Fawc(itt, P936). 	Due to 
the fibrosis, broncA.ectasis is a common complication. 

Compensatory emphysema develops round 	nodules aml bullae 

may be found along 	lung margins. Rupture of an emphysema-

tous bulls gives rise, not infrequently, to spontaneous 

pneumothorax. 

(2) Cardiovascularshangla 	development of 

empysema and ulmonary i ynertension in silicotics results 

in right ventricular 15,- ?rtropT'y (cor pulmonale) and ultimately 

in rigt heart failure. Gloyne places importance on the 

occurrence of flabby myocardium in cases of silicosis, wile 

fibrous myncarditis following on mediastinal lymphatic stasis 

is also found. 

(3) Malignancy  - The relationship between carcinoma 

of the lung and silicosis is not clearly establiShed. 

Statistics show that there is no true relationship between the 



trio conditions:  except te the Sc'-'neeberg and Joachimstaai 

mines where uranium anl arsenical, ores have been t'-ought to 

be the carcinogenic agents. 

DIAL TOSa 

The diag,osis of silicosis rests on the 

occupational _i.story of the patient, the clinical examination 

and X-ray examination of the chest. 

The occupational history is of importance in 

assessing t}e intensity of the risk which the worker is 

exposed to. 

The clinical examination is not of much value as 

the symptoms develop very slowly in the early stages and 

very little information is obtained by chest examination at 

t is stage. Cough and dyspnoea are the usual symptoms and 

bronchitis and primary fibroid tuberculosis should be 

considered in the differential diag osis of the condition. 

Biochemical examination of blood and urine do not 

yield any useful information in the diagnosis of the disease. 

X-ray examination of the chest is porhaps the 

most helpful factor in diagnosis, particularly ie the early 

stages, and accordinE to Meiklejohn (1948), is the most 

reliable single piece of evidence. 

The importance of radiological examination in the 

diagnosis of t'e various stages of silicosis has led to 

different forms of classification based on X-rays, being put 

forward by many radiologists. The simplest of these is the 

thrae-stage classification whi h describes tie opaciti's as 
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pre-nodular, nod.ular and massive fibrotic stages, and. is 

used in most countries, such as Clammy, Switzerland, 7olland, 

U.S.S.R., Italy, Japan. 	T'7odified forms of this classific tion 

are used in Australia, South Africa and America. In the 

U.K* a classification distiaguishing between 'simple' and 

'complicated' pneumoconiosis, with the former subdivided 

into stages, is used (Fletcher et al 1949, Davies and Mann, 

1949). 	France and 73elgium have adopted a similar classi-

fication. 

Yore recently the T.L.O. (1950) has put forward 

the following classification :- (1) Radiographs within 

ormal limits (Categpry 0); (2) Pneumoconiosis with discrete 

opacities includin.g three different categories, depending 

o: the increasing degrees of abnormality; (3) Pneumoconiosis 

with coalescent or massive shadows, including three sub-

divisions, depending on the extent and density of the 

Shadows. 

Cochr(Toe, Davies and Fletcher (1951), in 

association with French workers, suggested. the following 

"Anglo-French" classification:- (a) 7ormal appearances, or 

those not necessarily pneuroconiotic - 0 sal X respectively; 

(b) 7imple pneumoconiosis - 1, 2 and 	indicating the 

profusion of the opacities, with the letters P (pinhead), 

M (micro-nodular) and N (nodular) added to 2 and 3 to denote 

the dominant histological type; (c) Progressive Massive 

Fibrosis with furtl:er division into 7roups - A (coalescent), 

B, C (Massive) and D (massiv with abnormal pulmonary 
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architecture). 	'ale clessi2icatiol_ is being tried in the 

U.E., France a;.._ 3eigium. 

Post-Lortem fiLdingp - The autopsy of silicosis caes yields 

intercstih,; in:ormation bot.. 	confirm the diaglioAs ad to 

assess the extent of tLe lesion. The characteristic macro-

scopic and microscopic lesions (already uescribed earlier) 

leave no doubts as to the aetiology. 
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COALTORIMS Prirlf0007;0= 

The existence of pulmonary disease among -workers 

in coal mines has been recognized for many years. Pearson 

(1313) was the first to draw atteetion to the black material 

present in the lungs of city-dwellers. 	Gregory (1131), 

Marshall (1534) and Thomson (1P,36) deocribed the pathalogical 

aspects of the disease occurring among 7cottish. coalminers, 

Stratton (1838) coined the term neeethracosis'l for this 

condition. 

In 1848 the first Miners' Act was passed and the 

conditions in the mines leproved to such an extent t-Lat many 

people believed coalmining was eo longer an occupation 

associated with ill-health (Arlidge, 1892). 	In fact, it 

was  t'eought tat coal dust inhalation, far from producing 

lung dieease, acted as a protective mechanism against the 

development of tuberculosis (Oliver 1902 and 1908, Shuffle- 

botham, 1914, Haldane, 1923). 	The true nature of the 

condition brought about by the inhalation of coal dust was 

recognised only after radiological examination was intro-

duced. 

Late in the last eenturytand in the early part of 

teis one$  various meehaeical processes came to be used in 

mines - pneumatic drills, coal-cuttieg machines, screeeing 

plants - and these seemed to intensify the occurrence of 

dieeaze among workers in them. Radiography in the diagnosis 

of chest disease among miners was introduced in 1925, and 

appearances similar to those of eilicosis were found in lungs 



(Collie and Gilchrist, 1926; rarper, 1934). 	In 1934 the 

Compensation Sphere was opened to all men working in coal 

and this was followed by a greater increase in certified 

cases in antTracite and steam-coal mines (hard types) than 

in bituminous. 

The view thtat the lung lesions in coalminers were 

due to the presence of infection and not primarily to the 

inhalation of dust, was held by Fisher (l93 ) and Haldane 

(1935). As a result of these controversial views, the 

Medical Research. Coumcil und.ertook to investigate the 

problem of chronic pulmonary disease among coalminers in 

South Wales in 1937, and published t:7eir report in 1942. 

MP primary cause of the lesions was found to be 

the dust inhaled in the mines, particularly in those where 

9 high rank of coal (coal with a high proportion of carbon), 

such as anthracite, was mined (Fart and Aslett, 19A2). 

Radiologicallj, the lesions progressed tyrough the stages 

of dust reticulation, :iodulation, coalescent nodulation 

and massive fibrosis. Hart and Aslett suggested that the 

term upfleumoconlosis - of coal-worknrs" should be used to 

include all the pulmonary manifestations dun to inhalation 

of coal duct)  and for purposes of compensation the radio-

logical standard for diag-loeis should include "dust 

reticulation". 

Reports of pulmonarj fibrosis among coalminers 

in other 1arts of the world appeared 'luring this time -

from South Africa it l9?2 (Mavrogorinto), from Germany in 

43 
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192; (Boel me), from Sweden in 1926 (Edlieg), from 

In 1933  (Dedham and Taylor), from France In 193 

(Magnin) and 1939 (Policard), frore dmcrica in 1935 (Bloomfield 

et al), 1938 (Sayers), and 1942 (Jones). 

Incidence: According to MOVittie (1949) the disease requires 

15-20 years' exposure for its development, and it occurs 

among colliers, firemen and shotsmen, hauliers, repairers, 

hard ground men, underground workers and surface screen workers. 

Aetiology  gad PatTology: Altlough at one time several workers 

were of the opinion that coalminers' pneumoconiosis was due 

to causes other than the inhalation of dust - one among them 

being the sudden chilling of workmen when they came out of 

the pits - it is now accepted Vat it is the inhalation of 

dust which is the primary cause (Medical Research Council 

Special Reports 194:?, 194?,  and 1945). 	Furthermore, the 

occurrence of the disease seems to be proportional to V-e 

rank of coal. 	However, it ]as not been established yet 

whether the pathogenic element is related to the quantity or 

quality of the dust inhaled. Various suggestions have been 

put forward as to what it mirl-t be - the presence of 

excessive amounts of a inert dust, or tie presence of small 

amounts of silica in the coal, er the fact that the organic 

matter in the coal may in some way stimulate fibrosis. Yore 

recently, Evans (1951) stated Vat certain tyr-s of coal 

contained 'vitricin', or V-coal particles with antibiotic 

properties. 	According to him a particular dust hazard was 

related to the amount of V-coal particles in respirable dust, 
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the hazard being greater when the amount was low and vice 

versa. 	Fletcher (1952) has refuted this theory. 

Belt and Ferris (1942) described the pathology 

of pneumoconiosis as a fine reticulin fibrosis developing 

in the foci of accumulated dust, which may or may not go 

on to collagenous fibrosis. 	Cough (1940, 1944, 1947(a) and (b) 

(19-0 and 7eppleston (1947), described three forms of the 

disease - classical silicosis, simple pneumoconiosis and 

iefective pneumocoeiosis. 

Classical silicosis only occurs among a few coal-

miners engaged in cutting rock, the majority of workers 

developing one of Vie other forms. 

Simple pneumoconiosis is due to the inhalation of 

dust alone and presents a picture of 'coal foci' distributed 

throughout tle lungs. These foci are aggregations of dust-

laden phagocytes and are black ie. colour, with crenated or 

scalloped edges and processes extending from the edges rate 

surrounding lung tissues - the so-called "medusae head" 

appearance. 	A delicate network of reticulin fibres develops 

within these foci, but t? ere is no concentric areangement of 

fibrous tissue as ie the silicotic nodule. 	The reticulin 

fibres may progrecs to the stage of collagenous fibrosis. 

The alveoli around these foci are dilated and give a honey-

comb appearance charact.rietic of the disease and termed 

"focal emphysema" by Gough (1947(a) ). 	ITe attributed this 

to a mechanical disturbance within the secondary lobules of 

the lung, since it appeared first around the smaller bromchioles. 
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The emphysema is focal and no bullae are found along the 

margins of the lung. The degree of emphysema is not 

proportional to the amount uf fibrosis. 

Infecti/e pneumoconiosis is Yield to be due to the 

combined action of dust and iefection, very often tubercular. 

It is cInracterised by massive fibrosis, generally in the 

upper parts of the lungs. These areas may be firm in 

consistency. 	Areas of necrosis appear within these fibrotic 

masses, due to endarteritis ubliterans of vessels, and this 

results in the formation of cavities. The tubercle bacillus 

may be demonstrated in the sputum in 30% of cases (F1'tcher 

1952). 	The progress of massive fibrosis in many caves is 

slow, with the formation of a large amount of fibrous ti. sue 

resulting ultimately in right ventricular failure. 	In a 

few cases, rapid progress occurs wit' the development of 

cli ical tuberculosi. s. 

Gouge,  (1953), in summarizing t:_ difference bet-,een 

coalworkers' pneumoconiosis and silicosis, nieces emphasis 

on the severe focal emphysema and massive fibrosis, giving 

to heart failure in tle majority of cases of the former, 

with tuberculosis as a less cormon complication; in the 

latter, tle usual terminal eveet is open tuberculosis, vAth 

eart failure occurring in but a few cases. 
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KAOLIN CR 2:112=m4y 

The main constituent of china-clay is the mineral 

tkadInitel which is a hydrated silicate of aluminium, and one 

of the most important exports from the United Kingdom at 

present. China-clays are used in many industries - pottery, 

china-ware, ceramics, soap;  paper and cement being some of 

the commoner ones. The largest production of china-clay in 

the world is in Cornwall, elle Czechoslovakia, Germany and 

Japan also produce it. 

Lemaistre (1P94) and Tanya (1P97) were two of the 

first workers to report cases of pneumoconiosis due to kaolin. 

Recently others have made references to the condition (Koelsch, 

1930; Pancoast and Pendergrass, 1931; Hartman, 1935; Langelez, 

1935; Koestle, 1936). 	The lesions produced in the lungs are 

not similar to those produced by quartz Wildleton, 

Radiographs of the lungs of SOME? workers in the Cornish chi.a--

clay industry were found to show well-marked reticulation 

(Hale, 1946). 	Thomas (1952) records evidence of silicosis 

in the necropsy findings on two workers engaged in the ball 

clay industry and in grinding china stone, a granite contain-

ing china-clay. 

Experimentally, Kettle (1974) introduced kaolin 

into the lungs of gulLea-pigs and found tat onl- a catarrhal 

reaction resulted, while the same dust, when introduced with 

dead tubercle bacilli, produced defiA.te fibrosis. 	Belt 

and King (194-5) were able to produce only very minor changes 
in t12 lungs of animals exposed to dust from South Wales coal- 
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mines containing a large amount of kaolin. King, Gilchrist 

and aae (1947) found tl-at acid treatment increased the pato-

genicity of kaolin. 

King, ITarrison and leagelschmidt (1948) carried out 

further investigations on two types of kaolin occurring in 

the United Kingdom. They found that only o mild reticulinosis 

was produced by kaolin in t1- e lungs of experimental animals, 

while ignited kaolin contairiw amorphous silica produced more 

reticulin but no definite fibrosis, unlike in silicosis. 
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INTBODUCeI011 TO 	J,.eRIe Y.78 

The lesions of euman siA,cosis eeve been 

successfully reproduced in cxnerirental aninais by the inro-

duction of dus c, into their tiseues (T7lainwright and eichols, 1905; 

eAvrogordato, )918; Gardner, 1920, 1929; Gye and eurdy, 392e; 

kolicard l: 31; Kettle, 1932-34; ;filler and .Ayees, 193e; eelt 

and icing, 1945; Ray, Ling and Arrison, 1951). 	i1nce the 

species of animal used foe tease purposes are short-lived, the 

time factor in such experiments must of necessity be curtailed 

and the reciprocal factor of dosage increased. 	In seite of 

these minor adjustments, the lesions produces, though not 

identical wite those in ran, are nevertheless very similar in 

the tyre of tissue reaction and the cells partici-ating in them. 

On the basis or such experiments, !filer and jayers 

(1934) classified dusts.ns pathogenic or otherwise, deeending 

on the lesions they produced. 	It eas found that finely 

particulate silica, in either colloidal or soluble form,was 

capable of producine proliferative lesions in animals (eavro-

gor6sto, 1918; Gye and Purdy, 1922; Yettle, 1924; eolicard, 

1931), while the so-called inert dusts nroduced very little 

reaction. 	The rodifying effects of certain dusts on .roe action 

of silica has been studied by Eettle (1934), Denny, eobson and 

Irwin (1937), :Ling, Wright, Ray and earrison (1t)50). 

Accordine to the solubility theory of silicosis 

(King, 1947) the silica solubility of a dust as detereeined pith 

liinger's solution un er standard conditions, bears a definite 

rein ion tc its eibeoeenicity. 	has been found to be so in 
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the majority of cases. 	In animal experiments, however, it 

is not possiblc to estimate how much silica actually goes 

into solution in the tissues during the production or fibrosis, 

because the ratio of solid to liquid and the rate of renewal 

of the liquid arc: not known. 	It may be possible to assess 

the loss in sitica - due to solubility - of an injected dust 

by determining how much dust could be recovered from the lungs 

and lymph nodes of animals at varying intervals of time after 

injection. 	This recovery of injected dust, or its rate of 

neliination"lis also important from. another point of view. 

it is likely that some dusts may be eliminated more rapidly 

than others, particularty those which stimulate phagocytosis 

readily. 	it is reasonable to assume that those .dusts which 

are phagocytosed and cleared away from the lungs in a short 

space of time have less chance of dissolving in the tissue 

fluids and so producing severe lesions, while those which 

remain longer in the lunge are 10/' likely to do so. 	A study 

of the amount of dust left behind in the Alngs and lymph nodes 

at varying interv:ls of time after the introduction of a known 

huantity of that dust would, per hips, provide te answer to 

this surmise and reveal whether, in actual fact, a correlatin 

exists between the patogenieity of a dust and its rate of 

elimination. from the lungs. 	• comparison of the .rte of 

elimination of a known pathogenic dust, such as uart77, and 

an inert one like corundum, of equal particle size, would be 

of interest in studying the correlation between pathogenicity 

and removal of the dust from the lungs. 	It would also help 
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to determine the loss in silica, due to solubility, of 

the warts dust. 

It was once believed that the incidence of 

pneumoconiosis emone coalminers in ,he south males coal- 

fields differed from that among, corkers in the coal-fields 

of .-ALrham, Yorkshire and Cumberland. 	The coal mined in 

south Wales is mainly anthracite, which is of high rank 

(high carbon content 9nd low volatility), whereas the coal 

in the other areas is chiefly bituA.nous and of low rae 

(low carbon content and high volatility). 	As a result of 

this alleged difference in the incidence or nneemoconiosis 

in the two regions, many workers have carried out animal 

experients eith anthracite and bituminous coal dusts to see 

whether th re was any difference in the pathogenicity of the 

two. 	In spite oe repeated attempts, both by inhalation and 

injection a.ethods, the lesions produced by anthracite and 

bituminous coal dusts in the lungs of experimental animals 

have b.. en siAlar as far es histoloeical appearances eere 

concerned (Belt and A.ng, 1945). 	Although the histolo,eicel 

lesions produced by these two types of coal are identical, 

the possibility exists that there ray be some difference 

between the se two dusts, perhaps in the rates at which they 

are eliminated from tee luny-;s, even while their particle size 

remains equal. 	This could be determined quite easily by 

estimating ceemicelly the (mount of te particular dust 

remaining in the lungs at specific periods after the injection 

of a known quantity of it. 	It would also be interestine: to 



see whether the rate of eliLination of a mixture of the two 

types of coal dust differs in nny way from that of the 

individual dusts, their particle size remaining eeuel. 

The rate of elimination of a dust can be determined 

by means of other methods besides chemical estimations. 	A 

enown quantity of dust which has been nreviously irradiated, 

and weose radioactivity per unit weiht is linown, is injected 

into the lungs of experimental animals and the radioactivity 

remaining in the animal's thorax measured at regular intervals 

by making counts with a Geiger counter. 	The degree of radio- 

activity may be taken as a measure of te amount of dust in 

the lungs. 

Lau mineral dusts . have been used in the experimental 

production of silicosis in animals, both by inhalation and 

:njection. 	The dicferent forms of free silica - crystalline 

and amorphous - havp been found to give: ris to nro res8ive 

nodular fibrosis (Mavrogoedato, 1916; Gye and *Purdy, 1922; 

Gardner, 1938; lAng, 1947). 	Gardner injected various forms 

of pure silica including the two conversion forms of euartz -

tridymite and cristoballite - intrav(nously into rabbits, and 

found that tridymite was the most pathogenic of them all. 

King, !eohanty, Harrison and Nagelechmidt (1953a) injected 

different forms of pure silica - tridymite, cristoballite, 

euartz and fused silica - of equal particle size and in enual 

amounts, into the lungs of rata and showed that tridymite was 

muce Lore toxic than any of the other forms, producing the 

maximum fibrosis in the minimum time. 	The reason for the 
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extreme toxicity of tOis dust vas rot clear 7,,fla t 

suggestcd. that 	further study of several samples of this 

dust might prove useful in tnrorine some light on the problem. 

The study of the reactions produced by varyine doses of 

tridymite dust would reveal whether the dust is as toxic in 

smeller doses, and eive some idea ns to its toxicity when 

compared with quartz dust of the same particle size - 2).1 - 

which size, according to Gardner, is capable of rroducing 

classical lurfe pathology. 

effect of coal on the pulmonary lesions produced 

by silica has been the subject of much controversy. 	3orao 

workers believed that coal Lid an inhibitory action on silica 

(Oliver 192.; uollis 1915; , eidetic, 1923), while others held 

that coal enhanced thelesions Produced by silica (Bay, 

and Earrison, 1951). 	The latter workers found that swill 

amounts of vuartz, when mixed with anthracite and bitosoinous 

coal dusts, produced rore mark d lesions in the lungs of 

experimental animals than the same amount of euartz by itselr. 

...;ince this is so with mixtures of coal and uartz dusts, it is 

possible that the sare might he true when rixtures of a more 

toxic dust, such as tridymite, and coal are used. 	Very small 

amounts of tridyrdte, when introduced into the lun(78, should 

normally be removed by the protective mcchanist,s in operation 

without the formation of any lesions; but when t so same 

,uantiti s arc introauced to ;et:2 r with coal dust in lariwr 

amounts, the clearing mechanisms of tee lung may break down, 

resultinz in tic formation of pulmonary lesions. 
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reains a eerave occupational problem 

in spite or the many attempts made to solve it. 	uch of 

the experimental work done in this connec,ion h'e3 been along • 

the lines of preventing the occurrence of the disease as far 

as possibi . 	eome workers have advocated the use of an anti-

dotal dust, such as aluminium, which is believed to have an 

inhibitory effect on the action of silica (Denny, Robson and 

Irwin, l957). 	This view has been open to much criticism, 

as aluminium dust by itself is reported to have produced 

pulmonary fibrosis in workmen inhaling it. 	A different 

aperoach to the problem of silicosis has been made by Yennedy, 

Pare, Pump, Deck, Johnson, 41stein, Yenning and 'Hrowne(19Z1), 

whose work was based on the fact that cortisone and 

have been found to exert a beneficial, effect in • a number of 

disoreers, including the so-called "mesenchymal diseases" 

such ns rheumatic fever, lupus erytilemetosus and periartetitis 

nodose (hence, Slocumb, Barnes, jmith, Jolley and Tendall, 

1949; howard, 1949). 	hennedy and his, co-workers treated two 

cases of beryllium granulomatosis of the lungs eith cortisone 

and A.C.T.h., and eported some degree of improwexnt in. 

respiratory function and in the X-ray appearances of the lungs. 

They were, however, unable to obtain the same measure of success 

in their treatment of a case of pulmonary silicosis, aeAhough 

some improvement in the clinical condition of the paticnt was 

evident, 	in experimental animals, cortisone has been found to 

retard the miration of dust-laden phagocytes in the reticulo-

endothelial system (Spain, Yolomut and :Aber, 1950), and in 
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the neritoneure (Policard °ad Tuchmann-Duplessis, 1951). 	The 

effect -4' cortisone on developing granulation tissue in 

ertificielly—produced wounds in experimental animals has been 

eidely studied. 	As a result of these studies, cortisone 

eas 

 

be,e. found to intibit the development of granulation ti rue 

in rabbits (Ragan, leuves 	lotz, eyer and 7-lurit, 1949) and 

mice (Spain, rolomut end Taber, 1950), and bring about a 

quantitative reduction of it in ratsothile it had no signifi-

cant effect on granulation ti ssue in guinea-pies (13anetarn, 

1951). 	On the be sis o tr se findings, arri son, ing, Dale 

and jichel (1(e52) studied the effect of cortisone on developing 

si lie otic fib osis in tie lungs of rats, .and found that the 

main effect was on the migration of dust-laden phagocytes 

whice remained loosely scattered throughout the lungs and 

within alveoli. 	This interference with the accumulation of 

dust ceils was found to retard the development of silicotic 

nodules. 	..aelrey and. Gough (1952 (a) ), dethonstrated that 

cortisone inAbited the -fibrosis produced by quartz when 

injected into the peritoneal cavity in mice, and depressed it. 

in rats t and that it ead no effect on es'.ablished silicotic 

fibrosis in t:e rabbit's Trritoneum (1".eigare:v and Gough,1C,52(b) ). 

The natural sequel to these discoveries would he 

the investigation of tee effect of co etiso n on (-stab: ished 

si licotic fibrosis in experimental. n nine ls, a lthouet it se ,7ras 

unlikely that n..ature fibrous tissue could be acted on by 

corti sone. 
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The rke of infection in PneUMOCOni0JIS is of flrest 

importance as the nsjority of silicotic patients are known to 

die of infection, particularly tuberculosis. 	A high incidence 

of puLnlonary tuberculosis in different trades involvin t, ;e 

inhalation Jf siliceous et sts has long been recognised. 

Ealdane (1914) maintained that "the disease is 	same the 

world over nnd the end comes through tubercu3sis." 	Gough 

(1941) stated tat the infective type of pneumoconiosis was of 

frequE at occurrence among coal-miners, the infection most 

commonly associated being tuberculosis. 

The relation between tuberculosis and pneumoconiosis 

is not very clearly understood; that ors € influcnces the 

pathological lfsions Produced by the other is definite, but 

how they do so is less well known. 

Price (1.932) found tat silica stimulated the 

of the tubercle bacillus in  viro, ?Mile Lanza and Vane (19v4), 

Sweanoy (1936), NAddleton and leffernan (1936) and Irvine (193E) 

found that the morbidity 	mortality rates from tuberculosis 

were higher among workers exposed to silica dust than to other 

dusts. 	1,„xperimentally, it N3S been found tat when Qttenuated 

or dead tubircle b ci lli are introduced into the lungs of 

animals along with silica, proliferatin7 lesions are produced 

which do not occur when the organisms alone are used (Kettle, 

1924 and 1934; Gardner, 1929; Cumirin$ , 1940). 	:ettle (l9311) 

proved from .:is experiments that when ksolin or head avirulent 

tubercle bacilli v,er.e injected into the lungs of guinea pig8 

no permanent fibrotic lesions appeared, while the combiwd action 
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of dust and dead organisms resulted in a considerable arlount 

of fibrosis. 	Gardner (1929), Policard (1930) and Senn (19:-9) 

showed that latent tubercular foci in animals could be 

reactivated by the inhalation af silica dust. 	euch exneri— 

mental work on the combined action of dust and tubercle bacilli 

on the lungs of animals needs to be carried out before any 

definite conclusions can be arriv d at regarding the exact 

role infection plays in pneumoconiosis. 

140M the foregoing facts it is-aerarent that 

several aspects in the field of eneumoconiosis research warrant 

closer investigation. 	The following experiments were there» 

fore devised, in ti e hope teat they might, in some way, help 

to clear at least a few of the many problems that face the 

research worker in this field :» 

e;ection I 	study of the rates of elimination of various 

dusts from. the lungs of ents, and the tissue 

eeactions produced by them. 

euartz dust 

Aluminium. o Ade dust 

Anthrecito coal dust 

Bituminous coal dust 

C) 

Lixture of arr 	and bituminous 

coal dust. 

;iadio—active tantalum. carbide dust 

Section II The action of variable amounts of tridymite on 

the lungs of rats. 
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Section III The action of anthracite and bituminous coal 

dusts tAxed with small amounts 	tridytnite 

on the lurws of rats. 

Section 1V The effect of cortisone on established sil cotic 

fibro is in the lungs of rats. 

Section V 	The influence of col, mine-dust and kaolin on 

avirulent tuberculous infection nrodueed by dead 

organisms (B.C.G.) in the lungs of rats and guinea—

pigs. 
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APERINEW AL Tli;  cif LI NE, 

This chapter deals with the routine procedures that 

have been. employed in the experiments described in this nork. 

They include the preparation of a dust before its injection 

into experimental animals; the technique of'intratraeheal 

injection weich hns been the metod adopted in all the 

experiments embodied in this thesis; histoloical and mlero- 

incineration techniques. 	A brief description of the method 

Ot as,ssio the lung pathology end the gradine: of fibrosis 

fupm histoloeicel preparations is also included. 

A dust, prior to its use in experiments, should be 

particle-sized. 	eest rorkers are agreed that tee average 

particle size of minerals found in the 1un7s of nneumoconiotic 

patients is about I.2u in diameter (Greenhov, 1865; NeCrae, 

1913; _atkAns-Pitchford and Loir, 191 ; Cooke, 1933). 	Tarticles 

212u are not pathogenic with the exception of asbestos fibres. 

Gardner nd Cummings (1933) showed that quartz particles < 
are more fibrogenie than larger ones. 	According to Tebbons 

and Drin er (1945), the potency of a silicosis-producing dust 

increases inversely with the aerticle size. 	Jilica earticles 

below 4u induce fibrosis easily. 	Dust samples used for 

experimental purposes should therefoee preferably have a size 

distribution below 5u. 

The silica solubilit of a dust is RSO of 

importance with regard to the pathogenicity of a dust, and 

all dhsts used for experimental purposes should Nave their 
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solubilities deter,ined. 	This is done by taking a known 

quantity (200 mg.) of dust in a definite anount (10 ml.) 

buffered iiinger's solution of pH 7.2, and keeping the mixture 

agitated in a slow shaker for a week. 	The amount of silica 

in the filtrat is determined by the colorimetric nathod. 

..Lqsom these figures the amount of silica dissolved in 100 ml. 

of buffer solution is calculated, and this is known as the 

silica solubility of the particular dust. 

The methods avaiable for the stud: of the reactions 

produced by various dusts in the tissues of experimental 

animals are many. 	Lettle (1932) injected suspensions of dust 

into the subcutaneous tissues of animals to study the reactions 

prouccd. 	e mintained that this was a Quicker method of 

obtaining information ref,?Arding the pathogenicity of a dust. 

:tuber (1934) injected suspensions of dust into the main 

lymphatic in the popliteal space of anir als to study the re- 

actions in the neighbouring lymph glands. 	Adler and Jnyers 

(1936) produced lesions in the anterior abdominal wall of mice 

by injecting dust suspensions intra-peritoneally. 	Intra- 

venous injection of dusts has been used in the stud: of the 

reactions in the liver and spleen by Giese (1934), Siegmund 

(1935), hoppenhofer (1936), Harrison, Viright and Eing (1950). 

The effect of dust on the pleur91 tissues was 

stu ied by !',cCord et a1 (1936) by the injection of dust 

suspensions into the olcural cavity. 	Gardner et al (1935) 

used the inhalation method for the introduction of dust into 

the luns of , nimals. 	Animals were placed in specially 

construct .d dusting chambers and exposed to the reuired 
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concentration of dust for several hours daily over a period of 

months. 	Kettle and Hilton (1932) injected dust suspensions 

in normal saline into the lungs by the intratracheal route, 

while Naesland (1938-39) used the insufflation method. 

In all the experiments recorded herein, Kettle and 

Hilton's (1932) technique has been employed, with slight 

modifications by Belt and Ling (1945) and by King, !:!;ohanty, 

Harrison and Nagelschmidt (1953(b) ). 	This method has much to 

Commend it, as in addition to being one of the most effective, 

it hs the advantage of producing lesions in the same organ 

as in the naturally occurring disease (Hadfl id and Garrod, 1948). 

The dust for injection after previous deterrinations 

of particle size and silica solubility, was weighed into a 

screw-capped bottle, the :11:(yUn weighed being in excess of the 

actual reuirements for the animals to be injected. 	The 

susnension was made up In sterile physiological saline, so that 

th dose of dust to be injected into each animal was contained 

in 1 l. in th cse of rats, and 1.5 ml. in the ease of guinea- 

Pigs. 	The suspension as well-shaken in a mechanical shaker for 

about half and hour and then autoclaved or 20 minutes at a 

pressure of & lb/s.inch. 	At this stage, a small amount of 

rat or Fuinea-pig serum, as the case might belt  as added to the 

suspension in those instances where the dust particles did not 

appear to suspend well, e.g. coal. 	The sterilized suspension 

was kept shaking till it ,,as drawn into the syringe for injection. 

The experimental animals (rats and guinea-pis) were 
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liehtly aneestnetized with ether and placed in the supine 

position on an operating boerd, to which they were stranped. 

The tongue was retracted by means of a small tongue clip, ;:md 

a medium-sized aural speculum, which was fitted to an auroecope, 

Was introduced into the mouth as far down as the oronnerynx. 

The teroat was seabbed clear of mucus and the vocel cords 

touched with a 2,1 solution of anethane to produce temporary 

bowie anaestncsia. 	A blunt needle (4" x 14 gauge for rats, 

and (5" x 1 gnage for guinea-pigs), was paeeed between the 

cords, taking care to keep the tip of the naedle in coetact 

with theaentral nail of tne trachea, so tnat the vibrations 

produced by the needlegliding over the tracheal rinns coele 

be felt. 	:11cn tee needle was eelt hitting the carine, it 

vas withurawn about 2 mma The sterile dust suspension for 

use in that Particular experirent vas then injected. 	This 

suspension l ehic4 was kept aeitated in a mechanical shiner prior 

to its injection, .vas eithdrawn throuen the rubber washer of 

the container into a 2 mla syringe fitted with a short sharp 

needle (11" x 20 gouge). 	The actual amount of suspension 

injectad varied with the species of animals used, but on an 

avereee was wade up to contain the reeuired concentration of 

dust in 1 ml. of the suspending medium in the case of rats 

and 1.5 ml. in guinea-pigs. 	In order to ensure that the 

correct aeount of suspension was injected into the lungs, an 

excess of O.25 ml. was drawn into the syrinee, since this 

was found to be the voiume whit aenerally remained behind in 

the needle and sarine after the injection eas made. 	A small 
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amount of air - about 0.5 nil. - was also drewn into the syrinne 

to facilitnte snaking of the suspension in, nne its ejection 

from, the syrin. e. 	The loaded syringe was detached from its 

needle, attached to the needle in the trachea and the 

suspension injected quickly nein forcibly to obtain good 

dispersal of the dust in the lungs. 	i.he jet of suspension 

hitting the Cariha was expected. to enter both lungs in 

approximately equal amount s.• 	The needle nas withdrawn quickly, 

soon fter the injection, when a period of momentary apnoea was 

noticed in the animal. 	This was followed by a few deep 

inspirations and a gradual return to the norral resnirntory 

rhythm. 	no regurgitation of the injected suspension vas seen, 

and there were no immediate post-operative deaths among the 

animals. 

Hists-patholorical Tecninue  

Routine post-mortems eere carried out on all the 

animals which were killed at regular intervals rind on those 

wnich were found dead. 	in the case of those animals rnich 

were ill d, the fixative, 10 formoi saline (about 10 ml. in 

rats and 1E; nl. in guinea-pigs), was injected intratracheally 

alter expressing air out of the lungs, before the thoracic cavity 

was opened. 	The tracnea was exposed in the neck, the fixative 

injected, and the trachea ligatured and divided and the lungs.  

di.sected out together with the mediastinal structures. 	The 

injection of the fixative before removing the lungs from tne 

thorax prevents4tnem from becoming over-distended and the 	
\n. 

alveoli from rupturing. 
• 
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In those aninals which were found dead, the fixative 

was injected after removal of the lungs from the tnoraeic 

cavity, since satisfactory replacement could not be obtained 

otherwise, and in order to study the naked-eye annearances of. 

the lungs and pleura in situ. 

ler preliminary fixation, blocks were selected 

through the long axes of both lungs at the level of the hilum, 

to include the hilar lymph nodes and to take maximum 

representative areas of the lung for histology. 	Fixation 

was completed in fresh fixative, the blocks dehydrated in 

alcohol, embedded in paraffin wax and sectioned at 5p. 	7,ive 

or six serial sections were mounted from each block. 	The 

first was stdined by Gordon and Jweetis (1936) silver 

impregnation method, and the second with baematoxylin and eosin. 

In some cases, Van Gicson'n stain MIS used and in relevant 

experiments Kiehl-eelsen's carbol-fuchsin and nhenol aaramine 

(fluorescent rAcroscopy) were used to demonstrate acid-fast 

organisms. 

:Licro-incineration was carried out on most sections 

to reveal the presence anu distribution of mineral matter in 

the lesions. 	glides oere incinerat d. rt 500°C. for 1 hr., 

allsed to cool and then washed for half an hour in concentrated 

hydrochloric acid, rinsed in distilled water -r:d dry-mounted 

by rinling round t e cover-slip with paraffin wax. 

Assessnent of lung Pathology 

In assessing the degree of fibrosis brought about 

by various fibrogenic aeents, five stages of the pronTession 

of the fibrotic process have been recoenized histologically 
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(Belt and ling, l'.;45). 	All histological preparations were 

carefully examined and the ,lulmonary fibrosis seen in the 

most advenced lesions in (met, case was graded according to 

Belt and 4ing, whose classification is as follows :- 

Grade 1 fibrosis: with ordinary nuclear stains the lesions 

appear cellular, while on reticulin staining 

a loose: network of reticulin is seen. 	"o 

colinf!en is demonstrable at this st'3 -e 

Grade 2 fibrosis: The lesions are cellular with the retic:iiin 

fibres becoming thicker and rrenuC,  in a 

compact manner. 	There may or Na:f not be 

some collagen (Fig. 2). 

Grade 3 fibrosis: The lesions ere slightly cellular and com- 

posed mainly of collagen fibres (Figs.3 	4). 

Grade 4 fibrosis: The lesions are whollyacellular and fully 

coil genous (Flo:s. 5 & 6). 

Grade 5 fibrosis: The lrsions are ncellular, colla7enous and 

confluent (Fig. 7), 



Fig. 1. Rat lung (50 mg. of quartz intratraoheally), 
showing a nodular lesion of grade 1 fibrosis. Fine 
reticulin fibres are seen arranged in the form of a 
loose network. 	Silver impregnation. (X 130). 



Fig. 2. Rat lung (50 mg. of quartz intratracheally), 
showing nodular lesions of grade 2 fibrosis. Reticulin 
fibres are arranged in a compact manner. Silver 
impregnation. (X.130). 
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Fig. 4. Grade 3 lesion shown in Fig. 3 stained for 
reticulin. Thick fibres, mainly collagen, are 
arranged in a compact manner within the lesion (grade 
3 fibrosis). 	Silver impregnation. 	(X.130). 



Fig. 5. Rat lung (50 mg. of quartz intratracheally), 
with lesions showing grade 4 fibrosis. Lesions are 

acellular. 	Haematoxylin and eosin. (X.75.) 
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Fig. 6. Grade 4 lesions shown in Fig. 5 stained for 
reticulin. 	tiodules are composed of compact collagen 
(grade 4 fibrosis). 	Silver impregnation. (X.75). 



Fig. 7. Rat lung (75 mg. of quartz intratracheally), 
with lesions showing grade 5 fibrosis. Lesions are 
confluent and fully collagenous. silver impregnation. 
(X.54.). 
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SECTION I 

STUDY OF THE RATE OF ELL1INATION Or VARIOUS DUSTS  

PRODUCED BY THIXi 

A. (1) 	,UARTZ DUST 

(ii) 	CORUNDUM (A1203) 

. (1) 	ANTHRACITE COAL 

(ii) BITUMINOUS COAL 

(iii) MIXTUE OF ANTHRACITE AND BITUMINOUS COAL DUSTS 

C. 	rADIO.ACTIYE TANTALUM CiIRBIDE 

The production of sillootic fibrosis in the lungs 

of rats by the intratracheal injection. of fibrogenic dusts 

has been widely studied along cjiantitative lines. 	According 

to 	solubility'heory of si licosis, in the majority of 

cass n (efinite relation is 'Alown to exist between the 

fibrogenic properties of a dust and its silica solo ,ility, 

as deterined with Ringer's solution under standaA conditions 

(King, 1947). 	Although the deterrqination of the silica 

solubility of o dust in vitro by this mettwd presents no 

difficu ties, its determination in aniJal tissues during the 

production of A.lxrosis 1:1 extremely difficult. 	In actual 

fact, it is not possibiu to estimate in anirlal ex-eA.ments 

just how much silica is lost from a fibrogenic dust, such as 

gun tz, by solubility during the production of fibrosis, 

because the ratio of solid to liquid and the :'ate of Tenewal 

66 
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of the liquid are unknown. 	eowever, an ettempt may be 

made at assessing the loss in silica, due to solubility, 

of a dust injected into experimental anivals by determining 

the amount of dust which can be recovered from their lungs 

and hilar lymph glands after varyine intervals of time. 	ne 

of the Fain difficulties in estimatine this loss in intra-

tracheally injected dusts is that, besides loss in silica due 

to solubility, there may be a certain amount lost from 

rrec anica]. ceuses, such as the removal of the dust from the 

lungs via tee bronchi by coughing, or by way of the stomach 

as a result of swallowing dust eegureitat d from the bronchi. 

This dieficu ty • ay be overcome by using as a control a dust 

wA.ch is known to be insoluble, such as aluelnium oxide. 

Samples of tie se two dusts of similar particle size distri-

bution, when injected intratracheally, would probably have 

similye 1. uses as far as eechenical causes are concerned, 

but the aluminium oxide woui not shoe :any loss due to 

solubility, while the quartz vould. 

The arount of dust recovered from the lungs of 

animals at varying intervals of time after its injection 

might be important from another point of view. 	Me formation 

of fibrous lesions in silicosis is a chronic process usually 

extendin. over a I.ng period, and therefore it is reasonable 

to assume that dusts which produce such lesions arc likely to 

remain in the tissues lenger Van teoae which do not. 	Dust 

particles which are cleared away _ -on' the lungs rapidly ave 

less cnances of going into solution in the tissues end settine 
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up fibrous reactions than those which remain there lenger. 

It is not known whethr this is actually so, but the determin- 

ation of the rate of elimination of a fibrogenic end an inert 

dust woule give the answer to it-. 

The occurrence of pneumoconiceols among coalworkers 

has been recognized for some time past, and it was once 

believed that the incidence of the disease among workers in 

anthracite coal mines in the South Wales coaleields was higher • 

than that in the bituminous mines. 	Investigations carried 

out by the :Medical Research Council on the incidenoe of pncem040 

coniosis in South Wales have shown that this is not so (Hart 

and Aslett, 1942). 	NeVertheless, it is found that vorkers in 

the South Wales mines., where the cool mined is mainly antheacite 

and of high riank (high caebon content and low volatility), 

were more liable to contract pneumoconiosis than those in the 

coal mines of Durham, Yorkshire and Cumberiend, where the coal 

is bituminous and of low rank (low cfrbon content and high 

volatility). 	This higher incidence of pneumoconiosis in 

outh Alles has not been explained, but may be due paetly to 

the fact that the mines there have been. dustier than those in 

the other areas (Fletcher, 1951). 	Chemical analyses have 

evealed that there was much more dust in the lungs of miners 

from South Vales than in those from Cumberland. 	The high 

incidence of disease among miners has led nany workers to study 

the reactions produced by anthracite and bituminous coal in 

the lungs of experimental animals. 	Pelt and ::ing (1945) 

studied the effects of pure coal dust (dust containing 90% or 
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more of ant hracit e, bituminous or steam coal) on the lungs of 

rats and found that both anthracite and bituminous coal 

produced identical lesions, which were minimal and coesisted 

of the simplest type of foreicji-body reaction, oven 	to E*0 

days. 	Histologically, no differences have been found in the 

lesions produced by these two types of anal, whether used alone 

or mixed with other dusts such as auartz (Ray, Ang and 

Harrison, 1951). 	edeilar results have been obtained by otbers 

and on. tee face of it there does not scee to be any di Terence 

between anthracite anti bituminous coal. 	This is tee as far 

as the lesions produced by these dusts in tHe lungs are con-

cerned, but there is no evidence as to whether they differ in 

any other respect, such as the rate of elimination from tne 

lungs. 	It seemed wo elwfille studying the rate at which 

anthracite and bituminous coal dust are removed from the lungs 

of experimental ani als when introduced in eeual amounts of 

similar particle size and ash content. 	The behaviour of a 

mixture of equal amounts of the two substances, with regard 

to the rate of eliAlation, could also be studied together 

with the tissue reactions produced by all these substances. 

Chemical estimations of the amount of injected dust 

recoverable from the lungs of animals can be carried out only 

after death, jn_vivo determinations may be made by injecting 

a radio-active dust,w ose deieree of activity per unit weight 

is known, andfollowinn it up by measuring with the Geiger 

counter the degree of activity present in the animals at 

die ferent periods. 	The degree of activity would give an 
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indication of the amount of dust left in the lungs, while 

total body measurements indicate ':uw long activity lasts. 

Histological studies of these lungs, compared with those 

injected with inactive dust, would reveal any differences, 

apart from radiation-induced eilanes. 

Plan of -Iperiments  

Jeveral experiments were set up usin various 

dusts and intended mainly for analysis and recovery of dust, 

with only occasional studies of the :Lung histolorw. 

(A) 	.liartz and orundum: 	The fiYst series was intended 

for the study of the 1.ss of dust, both nat;logenic and inert, 

from the lungs and lymph nodes at varyirn.:; periods of time. 	it 

was also hoped to determine if there was any loss in silica, 

due to solubility, of quartz dust. 	',uartz dust and synthetic 

corundum (A1203) were used, the two samples being of comparable 

size. 	he corundum was o serve as a control, as it was 

expected to have similar losses as the ouartz in so far as 

mecHanioal causes were concerned, but not sow any loss due 

to solubility. 	The injected dust was recovered from the 

lligs of animals et different periods up to 365 days, and the 

histology sttnAed occasionally. 

(13) 	Anthracite and bituminous Coal: 	Anthracite and 

bituminous coal of equal particle size and similar ash 

content were injected into the lungs of animals. 	; third 

group of aniLals was injected with a mixture of equal 

,nliounts of anthracite and bituminous coal. 	Animals from 

all the groups were kills at regulEu intervals up to 400 
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days and recoveries of dust made on the lun,:s and hilar 

lymph nodes. 	histological studies were cavrird out on the 

lungs. 

(C) 	TantalulA. Carbide: 	Radio-active tantalum carbide was 

injected into the lungs of rats so that each received 25-50 

microcuries of the isotope. 	The animals were housed in 

metabolism cages and their excretions assayed for activity. 

In vivo measurerents of activity were made on the animals at 

intervals and after 250 dks the surviving ones , Alled and 

the lung activity measured. 	Histological examinations or 

the lungs were also made. 

During -tie course or measurements it was found that 

the activity in the animals was too nigh to enable rIcurate 

counts to be taken, and a second group of animals was injected 

with 5-10 mic °curies of the isotope each. 	Measurements were 

carried out as before and the animals killed and the lung 

histoleigy studied at 240 days. 

To serve as a control, a few anials were injected 

inactive tantalum carbide and the tissue reactions 

produc,d were stuA.A histologically at 250 and 300 days. 

DE5CRIi•TION GF SAPPLS UjLD 	INJECTION  

(A) quartz: 	This was a Azian glass sand of high 7)urity. 

A fraction of nominal size, 0.8 - 11, was prepared by repeated 

centrifuging in water. 	The actual size distribution, 

determined with the electron ri:!roscope l is mown in Table 10  

togeth r with the data obtained by chemical analysis. 	iiNre 

1A SLIMS the electron micrograph of the dust. 



TA BL .LC 1  

SIZ.4 DISIIIIBUTION AND ANALYSIS 02 ,.JI.AI-3TZ AND 
,gUiliINA LUSTS 

("nominal" size 0.8-1}1) 
Particle Size Jnomkt - 	Quartz. Alumina 

of 

<0.11 

Per 
By No* 

Cent per Cent 
By Mass By No. By IAs.„a 

9.5 
0,11 - 0.16 11.9 1.6 
0.16 - 0.23 7.5 7.0 
0.23 - 0.32 4.2 5.9 
0.32 - 0.45 2.5 0.1 9.2 0.2 
0.45 - 0.64 3.3 0.5 9.1 0.7 
0.64 - 0,9 18.5 7.1 11.6 2.4 
0.9 - 1.3 27.H 29.5 26.4 14.9 
1.3 	- 	i.. 11.6 3.5.2 1.6.5 26.7 
1.8 - 2.6 3.2 27.6 8.9 40.1 
2.6 - 3.6 (-:.6 7.B 
3.6 - b.1 0.2 '7.2 

Particles Counted 
stimated gurfane 

Area (m /g) 
ji02 (7) 
I-nition Loss (%) 

805 

2.16 

98.9 
(.6 

497 

1.12 

1.39 
Silica Solubility 	5.85 	 di* 

(mg/100 ml) 
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aathetic Corundum: 	sample of sidailar size distrte 

bution to the cuartz was arepared r.om synthetic corundum, 

made by heating pure aluminium hy.,roxide for several hours at 

1500°C. 	The size distaibution of the dust and chemical data 

are given in Table 1, and the electron micrograph is shown 

in A.gure 1B. 

(13) Anthracite Coal: 	A 1.v ash (3.14n fraction of anthracite 

coal irom jentramawrColliera, 	Yates, v'as turbine-around 

and a fraction be low 10) se arnted by air elutriation (oller 

apparatus). 	starting with this aaterial, a fraction below 

2,u was arepaced by centrifuging in water after the addition of 

suificiant teepol to rite the coal wettable. 	The material 

below 2,11 equivaJent diameter was snun down by arolonged 

centrifuging, boiled with water to remove as much of the tee.aol 

as possibic and finally dried. 

he particle size distribution and other data are 

given in Table 2. 

:, Ituminous Coal: 	A low ash fraction (3.65) of coal 

from Haig Pit, Cumberland, was treaty in a a1 liar laInner to 

the anthracite coal, and a fraction tuner 2p obtained. 	Table 

2 shows the particle size distribution. 

(C) Tantalum Carbide: 	\ sample oC tantalum carbide acts 

obtained from a commercial source and a traction below 2p 

e uivalent diameter prepared by sedimenta 4 ion in water. 

Table 3 shows the siae distribution of' the an: pie. 

padio-active  gntalum  Carbide: 	I sample of the above 

was irradiated in the aluminium pile at arwell to give 



TABLE 2 

4IZE DISTRIBUTION AND ANALYSIS 	ANTRIACITE AID 

BITUMINOUS COAL wars 

("Domino]." size, 

article Size Ant hr ncite Ocal 1tutn1nous  Coal 

0.11 . 0.16 

0.16 - 0.23 
0.23 - 0.32 

Yo. 
Cent 

By 	'lis8 
Per Cent 

PLqna 

0.02 
0.07 

,19 

to. 

7.04 
9.3 

11.03 
..,:2 	- 	C1.45  ') r 17.LZ 0.8 

0.45 - 0.64 15.2 2.07 

0.41 - 0.9 1.4 0.1 17.97 6.73 
0.9 - 1.3 3.5 0.9 9.99 10.38 
1.3 - 1.8 73. 51.2 5.97 17.78 

he - 2.0 20.9 41.1 2.96 24.89 
2.6 - 3.6 1.2 6.7 0.83 1.84 
3.6 - 5.1 0.003 17.24 

f_stirra ted Jur:face Area 	2.0 	 . 3.2 
(m2/gm) 

Ash (%) 	3.14 	 3. 65 
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SIZE DIST NI BUTION AND ANALYSIS OF TANTALUM CARBIDE 

.article size Per Cent 

PY No. By LAsn 

U.16 - 0.23 13.7 0.5 
, 23 - 0.32 22.9 1.8 

.!,32 - 0.45 24.2 4.9 
4.5 - 0.64 21.6 13.9 

0.64 - 0.9 11,1 19.6 
- 1.3 4.6 22.0 

1.3 - 1,8 .5 21.6 

1.8 - 2.6 0.4 15.1 

Specific Surf,9ce 	6.5 
(m2/gm). 
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adequate (ray activity for in vivo measurer 	he halfw. 

life of t 	isotope was 120 days. 	The nativity in 50 ng. of 

dust was 25-50 microcuries for the first series of animals. 

This sample was mixed with inactive tantalum carbide in such. 

proportions as to contnin 5-10 microcuries of the isotope 

in 50 mg. dust injected into the animals in the second series. 

Prewiretion of Dust Suspensions  for Animal Tn)ection 

(A) Oertz and Corundum: 	2g. of quartz dust and 2.8g. of 

corundum were weighed into screw-capped bottles and 40 ml. 

sterile physiol gical saline added to each betties  so that 

the concentrations were SO mg. quartz dust per ml. of 

suspension in one case and 70 mg. corundum p, r na. of 

suspension in the other. 	The suspensions wee thoroughly 

shaken for about half an hour in a microid flats -shaker, 

autocalved for 20 minutes (15 lbs. pressure) and then re- 

shaken till the time of injection. 	ach animal received 

1 ml. suspension containing 50 mg. atiatz or 70 mg. corundum. 

The difference in dosaee was to allow for the difference in 

densities of thc two materials, and to obtain approximately 

equal nurr:bcrs of particles. 

(B) Anthracite and Tituminous Coal: 	Amounts of 3g. of 

anthracite and 3g. bituminous coal were weighed into sores-

capped bottles and 28.5 Nl. sterile physiological saline 

added to each. 	The sespensions ee e shaken, autoclaved and 

1.5 ml. rat serum (aseptioaLly prepared) added to each 

suspension to help the particles to suspend better. 	The 
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final concentration was 100 mg. of anthracite or bituminous 

coal per ml. of suspension, and was t.e amount injected into 

each animal in the respective groups. 

Anthracite and lAtuminous  ixture: 1.5 g. anthracite 

and 1.5 g. bituminous coal were weighed, intimately mixed 

and transferred to a screw-capped bottle. 	he suspension 

was made up as for the anthracite and bituminous coal alone, 

with 2.5 ml. sterile physiological saline and 1.5 ml. rat 

serum. 	The concentration of crust lime 100 mg. of the mixture 

(50 mg, anthracite and 5C,  mg. bituminous) per ml. of 

suspension, whic was te dose each animal received. 

(C) Tantalum Carbide: Amounts of 0.8 g. of the radio-active 

sample of tanalum carbide containing 25-50 microcuries of 

th isotope per 50 mg. dust, and0.4 g. of the samnle contain-

ing 5-10 tAcrocries per 50 mg. dust, were weighed into bottles 

and 16 ml. and 8 ml. sterile physiological saline added to the 

respective bottles. 	The suspensions were made es before and 

each of the animals in the two groups received 1 ml. suspension 

containing 50 mg. dust (containing 25-50 microcries or 5-10 

microcuries of isotope), this being the final concentration of 

the suspensions. 

0.4 g. of the inactive dust was weighed and the 

suspension prepared in 8 ml. sterile physiolgical saline to 

contain 50 mg. dust per ml. 	Each animal was injected with 

1 ml. s. spension. 

Animals 

(A) ,oartz) 	35 male Albino rats of te lorcester strain 
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350g. 

of averaee weight/were used. 

Corundum: 35 male eats were injected. 	They were 

blaok and white hoo ed rats o the edica] esearoh 

Counci, strain and were oe average eieht, 225 g. 

(B) cinthraeite, Bituminous and Mxeere of 

Anthracite and Bituminous Coal: 	20 male rats 

eere used in each of these experiments. 	They were albinos 

of the 7orcester stain, of average weight 350 g. 

(C) eadio-active Tantalum Cadlide: 	10 male, albino eats of 

the horeester strain of average wei:ht 300 g. were used for 

injection of redlo-active dust containing 25-50 microcuries 

of the isotope. 

5 male lb eck and white hooded rats of the Ledicel 

heseach Council stiain of average wei ht 225 g. were used 

for injection of the dust containing 5-10 microcuries of 

the isotope per dose. 

Tantalum Carbide: 	6 male,blaok and white hoe, ed rats 

of the iLedical Research Council strain, of average weight 

225 g. were used for injections of inactive tantalum carbide. 

experimental Procedure 

The animals were lightly anaesthetized with ether 

and tee oust suspensions injected intra racheally via the 

mouth, following the technique of Lettle and ilton (1932) 

modified by king et al (1953 (b) ) a (letniled descrietion 

of which has been given earlier. 
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Duration of xperitants  

(A) The experiments in which quartz and corundum were 

injecteo wer( extenaed to 305 days. 	Two animals f-om each 

group were killed imnediately after injection, and 24 hours, 

48 hours, 7 days and h da:,,s after; thereafter, one animal 

from each group was killed at monthly intervals, except 

when the histology was studied when two animals were killed. 

Killings were carefully maached in both groups. 	Chemical 

analyses were carried out on the lunas and lymph nodes at 911 

stages. 	Histology was studied at 150 days in the case of 

quartz, and at 150, 240, 330 and 365 days in the case of 

corundum. 

(B) In the series of experinents sat up will an'hracite, 

bituminous and a mixture of thz two coal dusts, one animal 

from each group was killed at monthly intervals for 180 days, 

then at 60 day intervals till 300 days and finally at monthly 

intervals till 400 days. 	aistological examination of the 

lungs and c ewical analyses on the lungs and lymph nodes aere 

carried out regularly. 

(C) In vivo measurel ants of activit were carried out 

on the animals injected with radio-active tantalum carbide 

(25-50 microcuries) at .0 days and 60 days attar injection. 

all surviving animals were killed at 256 days and the lunas, 

ailar no,es and carcass measured :Cor -ctivity. 

In the case of animals injected with the smaller 

dose of the isotope, in vivo measurements aere made at 17, 

28, 50 and 100 days after injection, and the animals killed 

at 240 days. 
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All animals in tt-e. se groups were housed in 

metabolism cages to enable the excreta to be assayed for 

activity. 

In the control group, the animals injected with 

inactive dust were killed at 250 and 300 days. 	The lung 

histology was studied in all tiree groups. 

Procedufe Wopted for in vivo easurements on  

animals Injected with Radio-active Dust 

In the group of animals injected with radio-active 

tantalum carbide containing 25-50 microcuries of t1e isotope 

per 50 mg. dust, inyi,No rcasurePents tere made on te head 

and neck, thorax and abdomen separately. 	The animals were 

anaesthetized with intrap rioneal injections of a solution 

of nembutal and rlaed in I specially constructed apparatus 

consisting of two etai (lead) cylinders. 	i3y adjusting  

these cylinders over the anil-al's body, it was Possible to 

shield off aost of it and leave exposed only Vie particular 

part on which measurements were being made. 	This ensured 

that only the radiations emanating from the exposed part of 

the body were being 'ecorded by the Geiger counter. 	'onnts 

were Lade per half-minute. 

Two sets Of in vivo measurements zere made, after 

which the anima s had grown to be too large to fit the 

apparatus. 	Yhe ast measureuent as made after killing 

the animals, the lung count, lymph node count and te carcass 

count being recorded separately, per ninute. 



In the second group of animals injected with 

5-10 microcuries of the isotope, measurements were made on 

the whol animal - total body count - as it was apparent 

that in the earlier nrocedure,where counts were made on the 

head and neck, thorax and abdomen separately, the readings 

were not wry accurate owing 1a the difficulty in obtaining 

precise demarcation. between these regions externally, which 

resulted in a cansiderable overlap of values. 	Apart from 

this, the measurements sere carried out in the same aay. 

PATHOLOGICAL 	j 7: 

Routine post-mortem examinations were carried out 

on all animals which were killed and on any found dead. 

In the early stages (till 30 days) of the 

experiments with quartz and corundum, one pair of lungs 

i:rom each group was injected with l0(;) formal-saline and 

fixed before chemical estimations of dust were carried out 

on them. 	The other pair of lungs was used unfixed. 	The 

tracha)-bronchial lymph nodes were dissected out and analysed 

separately after 30 days, when they were found to be enlarged. 

Blocks were selected along the long axes of the lungs at 

the level of the hilum - as for histological examination.- 

and analysed separately from 30-65 days. 	Ill lungs for 

ehemloal analyses from 90 days onwards were injected with 

air bcfoie their removal from the thoracic cavity and then. 

Jamersed in fixatiNa till the time of anal;:sis. 

The lungs of animals used for histoloical study 

werc treated in the same way in all groups - quartz and 



82 

corundum, coal, tantalum carbide. 	After preliminary 

fixation of the lungs by the injection of 10% formol saline 

before their removal from the thoracic cavity, they were 

left in fixaJive for some time, and blocks were selected 

through the leng axes of th,• lungs at the level of the hilum. 

These blocks were dehydrated., (imbedded in nara::fin wax and 

serial sections cut at 5,11 thickness. 	These were stained 

with haematoxylin and eosin and by Gordon and jweets' (1936) 

silver impregnation method for reticulin. 	In addition, 

with quartz and cornmdum, sections were micro-incinerated, 

acid-washed,and the distribution of dust in the lesions 

studied. 	Details of these procedures have been given in 

an earlier section of this thesis. 

Chenicia 4et h9ds 

The lungs and lymph nodes (tracheo-bronchial) 

were analysed for the recovery of injected dust in the case 

of euartz, corundum and coal. 

(A) 	,uartz and Corundum - 2. reparation or tissucs: 	The 

trachea was cut off at the bifurcation and the .turns cut into 

pieces of convenient size. 	When analyses were carried out 

on tissues which had bcen blocked for A.stological study, the 

blocks were de-waxed before use and combined with the 

remainder of the i'armalin-fixed lung from which the blocks 

were taken. 

rethod - Analyses were carried out in conical, 

glnss-stoppred oentrifu -e tubes of approximately 10m1. 

capacity. 	he pieces of lung were oven-dried and ached in 
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the centrifuee tube in en electric muffle at 470°C. 	(The 

ashing was started from cold and it took several, hours for 

the oven to reach the maximum temperature). 	it was 

necessary to heat for 24 hours to complete the ashing. 	The 

ass was then heated with 2N HC1 in a water bath for about I 

Ninute. 	After cooline, the acid-insoluble residue was 

centrifuged, dried and repeetedy shaken with distilled 

water till it was free from chloride, and defied to constant . 

eight at 1'350C. 	The weight of residue was the arount of 

dust recovered from the lungs. 

The tracLeo-bronchial lymph noes were treated in 

exactly the same way, but teeir wet eeiehts were recorded 

before placing them in the centrifuge tubes. 

A number of test analyses of the material which 

hed been used for injections, eithur a_one or toeether with 

frese animal 'lung, yielded recoveries of the order of 96-98% 

by this method, the amount of sample vnrelng f-om 10-100 mg. 

These tests shoved that the technique of recovery was good. 

(3) 	Anthracite!  Bitueinous and  Anthracite and 

Bituminous Opal Lixture Preparation of tissues: 

The paraffin blocks used for the preparation of 

histological sections were de-unxed with hot benzene, and 

this tissue combined with the rest of te. lung tissue cut 

up into small pieces. 

eethod - The materiel from each pair of lungs was 

placed in a centrifuee tube o: approximately 50 ml. capacitye 

about 15 ml. cone entrated 1101 added to it and left in. en 
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oven at 560C or 24 hours. 	This mixture was centrifuged 

for 1 hour and the supernatant fluid pinetted off by suction. 

15 ml. of 25, NaOH were then added and t e mixture heated 

on. a water bath at 600C for 1 hour. 	After the addition of 

a few drops of absolute alcohol to teis to dissolve any fat 

present, it was centrifuged fbr 1 hour and the supernatant 

fluid removed by suction. 	About 15 ml. of distilled water 

were teen aeded to the residue, rrexed, centrifuged for 1 hour, 

and filtered through asbestos wool in a Gooch crucible which 

had been previously prepared and weighed. 	The residue 

was finally washed with a mixture of alcohol and ether end 

dri d overnight at 105°C. 	The crucible was cooled and 

weie;hed. 	eh,' weight of residue represented the amount of 

dust recovered. 

The tracheo-bronchial lymph nodes eere treated in 

the saoe way after Lulking the glands from several animals. 

This was necessary in order to get enough dust to weieh, since 

each gland or set of glands conta ned only a very little. 

They ere bulked as follows :- glands from. animals eilled in 

the period 3e-120 days; 150-250 days; 3e0 days; 330 days; 

365-400 days. 

Test analyses were carried out on sarples of 

anthracite and bituminous coal with and without nomn1 lung 

tissue, and recoveries of the order of 96-99, were obtained 

in all cases, showing, that the method teas satisfactory. 
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RESULTS 

Several animals iram the various groups were lost 

as a result of cannibalism and their lungs were not available 

for cnemical analyses or histological exaination. 

(A) alartz - Apart from the animals killed at the 

regular intervals mentioned above, ,Toontaneous deaths 

occurred at 19, 24, 31, 53, 57, 65, 88, 158 and 303 days. 

The lungs of some of these an 	were not available for 

chemical analyses awing to cannibalism. 	Histological 

examination of the lungs was made at 150 days. 

Corundum - Spontaneous deaths occurred at C, 9, 23, 

32 and 269 days, and most of the lungs in these animals were 

discarded because of autolysis or infection. 

Lung histology was studied at 150, 240, 330 and 

3(55 days. 	C:emical analyses were carried out on the lungs 

and lymph nodes of animals !Ailed at regular intervals in the 

quartz and corundum groups, and the results are given in 

Table 4. 

(B) Anthracite Coal Dust - AniLals core killed at 

regular interv-is till 400 days and th e ir luns used for 

chemical and histological studies. 	Some animals were lost 

by cannibalism at 7, 11, 21, 25, 28 9nd 335 days. 

Bituminous Coal - Spontaneous deaths occurred at 

12, 24, 43, 330 and 337 days and tee lungs of some of these 

animals were discarded as they were nutolysed. 

Anthracite and Bituminous fixture - The lun s of 

animals which died spontaneously-  at C, 11, 12, 19, 49 and 
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4. 

R.40VLRY OF ,.:4L(1ARTZ AN.fi C0c,UNDUI.: 	l'.•],,Li.;CTI;;D  INTO THE LUNGS  0:. RATS 

Days of 	4UARTZ (50 mg injected) 	 CORUNDUM (70 mg injected) 

0 z 47.5 47.5 95 95 
1 z 43.3 80.6 43.3 66.6 
2 x 40.1 60.2 40.1 80.2 
7 z 39.6 79.2 39.0 79.2 
14 Z 3(.6 73.;! 36.6 73.2 
30 39.9 99.8 39.979.8 
49 34.4 68.6 1.7 36.1 72 
60 z 20.6 41.2 z 1.0 21.6 43.2 
90 1L.7 37.4 10.7 37.4 

120 24.7  ) 49.4
)  4.73 

! 29 . : 59 
150 z 23.1 46.2 	; 27.9 56 
150 h16.3 32.6 16.3 3.i..6 
180 • 1/.2 34.4 	) 21.9 44 
210 15.1 

) 
30.2 	% 

i 4.7 19.8 40 
240 25.9 51.4 	I 61 
Z4 , .. ..

50.4 
. - 

270 17.0 34.0 25.1 50 
300 20.0 40.0 8.1 28.1 56 
330 
330 
36.5 21.7 43.4 8.1 29.8 6 
365 

Jurvival 3102/lung 	3102/lung 	3102/node Recovery Recovery 
totap. o (mg) 	of iniected) 	(mg) (total mg) injecto 

verage value of two separate analyses 
Average va_ile of four separate ana •jses 

A1203/1ung 
(mg) 

Aii;j1ung 
of injected) 

A1203/node 
(mg) 

Recovery 
total mg) 

Recovery 
Total 	of 

n 	&teal_ 

7  50.2 72 .50.2 72 

z 47.3 67.6 47.3 67.0 
Z 46.8 67 46.8 67 

z 42.5 61 42.5 61 
z 63.1 90.1 1.4 64.5 92 

44.3 66. 44.3 68.3 

- 
36 54.3 1.4 39.4 56.3 

50.6 72.5 50.6 72.5 
37.2 40 57 

4 	.2 k.:  6c.3 CI 	C. 
Coot-. 45 64.5 

ri 	30.6 44 33.6 46 

32.4 6.3 'Zr,.5 ,5 

32.5 40.3 37.6 54 
5.1 

37.0 42.1 60 

h 39.5 45.6 65 

24.5 35 24.5.  35 
41.1 5E.7 45.3 65 
30.6 43.7 4.2 34.81 5C 

h 28.8 41.1 33.0 47 
+ 35.2 50.3 4 6.4 41.66 60 
130.1 43 30.1 43 

S Average of bulked node analyses (bulking of nodes from two rats) 

H Analysis of lun and deparaffined ilisological blocks 
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52 days were autolysed or infected and were unfit for 

histolegical and chemical studies. 

Fillings in these three groups were matched and 

continued for 400 days, 	All lungs and tracheo-bronchial 

lymph nodes were analysed for recovery of dust. 	The 

results arc given in Table 5. 

eistologioal examinations were carried out at 

regular intervals. 

(C) 	Radio-cotiverr ide (25-50 microcuries 

of isotope). 	One animal died at 27 days end two at 88 days. 

The seven :remaining animals were billed at 250 days. 	Table 

6 shows the counts obtained when in vivo measurements of 

activity were rude at 30 and 00 days, and those on tee lungs 

and tracheo-bronchial iymph nodes at post-mortem. 

Radio-active Tantalum Carbide (5-10 microcuries 

of isotope). 	One animal died on the day of injection and 

a rother died two das later. The results of in vivo  

measurements made on the three surviving animals are given 

in Table 7, together with the measurements of their excreta' 

for activity. 	Both the body activity and the activity of 

the excr ta are expressed as percentages of the total doses.  

deposited in the animals on the day f njection, wA.ch 

count is taken as 100%. 

Non-active Tantalum Carbide - ,our animals in this 

group were killed at 25e de-  s end two it nO days, and their 

lung istology studied. 



TABLE 5 

RECOVERY OF A,THRACITE, 13ITUli iiTHRACITE PLUS 

BITUMINOUS COAL DUSTS 

(All figures calculated for one rat) 

Days of 
Survival 

/LaHRACITE (100mg) 
	

BITIOUS (100mg) 	LATHRACITE PLUS 
BITunii40Us (100mg) 

Amount in Amount in Amount in Amount in ii1,0ount in Amount in 
lungs 	nodes 	lungs 	nodes 	lungs 	nodes .  

mg, or 	mg. or i; 	mg. or 	mg. or 	rug. or 	mg. or /0 

30  68.8 

60 69.0 

90 67.2 
120 68.5 

150 62.0 
180 65.8 
250 62.0 
300 53.0 
530 50.0 
365 53.8 

400 56.4 

	

62.9 	56.0 ) 

	

63.9 	55.8 

	

2.3 	1.3 	1.1 

	

46.1 	52.8 
5 	45.1 	59.0 3 

? 	42.9 	58.o 

	

1.7 	42.4 	1.2 	59.4 1 	1.8 

	

48.2 5 	59.3 5 

	

1.6 	40.4 	2.8 	55.0 	6.9 

	

3.5 	39.4 	5.2 	56.0 	1.7 
) 	49.6 	51.8 ? 

	

4.6 	5.1 	) 	1.o 
) 	40.2 ) 	53.4 ) 



TABL4', 6 

17:EASUR17.71:ENT3 OtT RATS iraBeirxD WITH ;3ADIO-ACTIVE 
TANTA:0J. C'\ 	(25-50 MICR0CURI1,75 0 'T  •.-3)TOP14..*)  

eriod of 
time 	(dayp)....30 (in vivo) 60 (in vivo) 250 (post-mortem) 

Rat No. 	Thorax 
(Count/min) 

Thorax 
(Count/min) 

Lung 
(Count/min) 

Lymph nodes 
(Count/min) 

(hilar) 
(%)/1  

1 16,800 14,000 9,171 231 2.5 

2 27,4C!0 16,600 3,395 127 • 3.8 

3 42,400 41,200 22,E23 751 3.3 

4 21,000 17,200 5,24E rii  

5 51,600 48,800 - . - 

6 37,60 35,600 . - - 

7 25,400 17,600 3,814 169 4.4 

C 34,600 29,000 13,411 912 6.7 

9 56,200 61,000 31,651 1,976 6.2 

Z ::2,xpressed 	total count (lung4 lymph nodes) 



EXCRETIONS (URINE & FAECES) 	 BODY CONTENT % OF 
%OF DAY 	 DAY 1  

, 	BodN Days Rat 1 Rat 2 kat 3 Aver- Aver- Days Rat 1 Rat 2 Rat!3 Aver-,  
age ?';e age Exc on 

90 TABLE 7  
IN VIVO iVEASUREMENTS O PO.TS  INJFiCTEDWITH 

RADIO-ACTIVE TANTALUDISARBIDE (*-10 micro-curies) AND 
A3SAY  OF THEIR EXCRETIONS  

0-2 12.4 11.8 6.9 10.3 10.3 1 100 100 100 100 
2-4 4.0 4.0 6.0 4.7 15 
4-6 4.9 0.2 3.7 2.9 17.9 
6-8 14.3 1.9 4.6 6.9 24.8 
9-10 1.8 3.2 nil 1.7 26.5 

10,13 15.0 5.8 3.3 8.0 34.5 
13-15 1.8 3.6 4.0 3.1 37.6 
15-17 3.3 7.4 9.1 6.6 44.2 17 x41.0 48.0 66.0 52.0 96.2 
17-24 0.9 9.4 5.1 5.1 49.3 
24-28 6.0 6.0 6.4 6.1 55.4 28 x42.8 35.6 53.0 43.B 99.2 
28-35 3.4 3.8 10.7 6.0 61.4 
36742 7.5 11.4 13.4 10.8 72.2 
42-49 6.3 4.4 0.4 3.7 75.9 
49-56 1.5 7.5 8.2 5.7 81.6 56 27.5 28.2 33.6 29.8 111.4 
56-63 3.3 4.4 10.0 5.9 87.5 
63-70 12.4 6.1 6.3 8.3 95.8 
70.77 1.6 3.3 5.4 3.4 99.2 
77-85 1. 5.1 4.2 3.5 102.7 . 	. ..• 
65-100 2.9 1.5 1.2 1.9 104.6 100 10.1 11.5 12.3 11.3 115.9 
Total 104.6 1)0.8 108.9 14.6 104.6 

...W.••••• 

Body contents and excretions are expressed as percentages of the 
'total' doses deposited in the animals, i.e. they are expressed 
in terms of the total body measurerents obtained on day 1. 

a 	robahlej error 

Cum = Ciriulative 
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HISTO-PATHOLOGICAL FINDINGS  

3ections from the lungs of animals in all the 

groups were exacAned histolcgically and the pulmonary 

fibrosis oresent in the most advanced lesions in each case 

graded according to 7:elt and king (1945), into one of five 

grades. 

(A) 	„NARTZ AND CORUNDUM  

Macroscopic Appearances  

4uartz: The lungs of animals killed up to 30 da:is s owed 

subpleural collections of dust mainly on the dorsal aspect. 

By 120 days there were discrete areas of fibrsis which 

became confluent at IbC da:s and involved large portions of 

the lungs (Fig. 3A). 	Th re were pleural adhesions to the 

chest wall. 	The fibrosis increased in amount from this time 

onwards !)7x1 9t 365 days there was very little normal-looking 

lung tissue left (Fig,313 ). 

The traeheo-bronchial lyph nor3es showed slight 

enlargement at 30 days and increased in size and were firm 

thereafter. 

Corundum: The lungs S med collections of dust most marked 

dorsally, at 30 days. 	By 150 days a few scattered, whitish 

areas, which were probably fibrous tissue, were seen (Fig. 4A). 

There was very little change macroscopical4 in the lungs 

from this period till 365 days, when the areas of fibrosis 

were still sr a 1 and discrete (Fig.4B). 

The traeheo-bronchial lymph nodes showed a mild 
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degree of enlargement at V.0 days, which increased steadily 

during the course of the experiment. 

iAcroscopic Appearances  

Histological extriinations of ti,e lesions were 

made at 150 days in t 	case of the anials injected with. 

quartz, and at 15G., 240, 330 and 365 days in those injected.  

with corundum. 

,jiartz: 	At 150 days both lungs shored lar-la, confluent, 

aCellular lesions with a few patent alveoli and some blood 

vessels lying within them. 	On reticulin staininr!, they were 

seen to be composed entirely of thick collagen bundles 

(grade 5 fibrosis, Fig.5), and micro-icineration revealed 

much dust within the lesions (Fig.6). 

Corundum: The histological appearances were very unlike 

those seen in the lungs of the animals in the previous group. 

At 150 days there were a feu dust cells lying free within 

the lung alveoli, while most of t em were collected together 

in the form of nodules which were small and discrete. 	On 

reticulin 	 t ese lesions were made up of thick 

reticulin fibres,arranged loosely for the most part, although 

they were becoming compact in a few .lesions (grade 1 fibrosis, 

maximal. A.g.V). 	A.cro-incineration revealed a fair amount 

of dust in the lesions (Fig. 8). 	By 240 days the lesions 

were no different to t ose seen at 150 days. 	ho further 

onanges were observed either at 330 days or 365 days, when 

the lesions were still discrete and small, with a fey 

reticulin Zibres within them, and remained within the maXimal 
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limits of grade 1 fibrosis. 

(B) 	ANTURACITE, DITUUMOUS AND ANTHRACITE AND 

BITULINOUS ieIXTURE  

There was no difference macroscopienlly between 

the lungs of the animals injected with anthracite, bituminous 

or the anthracite and bituminous coal dust rixture. 

histologicallys too, the lesions were ijentieal. 

acroscopic Appearances 

At 30 .jays the lungs of tee animals in all three 

groups showed dense collections of coal dust over the dorsal 

aspect mainly, with a few pleural adhesions between the 

pteura and the chest wall. 	The gross appearances of the 

lungs seoeed no ceange from this time till the end of the 

experiment at 400 days. 

The tracheo-bronchial lymph nodes showed slight 

enlargement at 30 deys; the degree of enlargement became 

more marked in the later stages and the glands were black 

in colour. 

Eicroscopic Appearances 

Anthracite Coll le() rig. 	At 30 days both lungs showed dust 

diffusely distributed; some of it was lying free in the 

alveoli, while some were within dust cells. 	There was no 

evidence oe fibrosis (Fig. 9). 	At 60 days all the dust was 

within mononuclear cells welch were still diffusely distri- 

buted. 	By 90 days there were a few subpleurai collections 

of dust cells and t e rest of the dust cells were aegreented 

to form focal nodular lesions, which were ocrivascularly 
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situated for the most part. 	There was some dust in the 

peribronchial lymphoid tissue. 	eticulin staining did not 

reveal any fibrosis. 	By 180 days all the dust cells were 

aggregated to form nodules which were discrete and irregular 

in shape. 	A few scanty reticulin fibres were seen in the 

nodules, but no definite fibrosis (Fig. 10). 	Around the 

nodules there was a mild degree of focal emphyseua. 	From 

this time till the termination of the experiment at 400 days, 

the lesions did not progress, there being the same discrete, 

cellular nodules with the dust tightly packed together, but 

no fibrosis. 

Bituminous Opal 100 rag. 	At 30 days all the dust was 

diffusely distributed throughout the lungs and was lying 

free within the alveoli (Fig. 11). 	By 90 days there were 

subpleural collections of dust and commencing nodule form- 

ation in the lung fields. 	The dust cells were collected 

into localised nodules without any fibrosis. 	At 150 days 

the nodules were cellular, discrete and perivascularly 

situated. 	Beticulin staining sIAed a few reticulin fibres 

surrounding these nodules (Fig. 32). 	There eas some focal 

emphysema. 	During the later stages of the experiment the 

dust in the nodules was more elosey colleted together, 

but no fibrosis was evident, even at 400 deys. 

Anthracite and Bituminous Coal Mixture: 	Diffuse distri- 

bution of dust throughout both lung fields was seen at 30 days. 

eest of the dust was free in the alveoli, while some were 

eithin dust cells (Fig. 13). 	At. 60 days, a few subpieural 
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dust collections were visible. 	eost of t,c dust at this 

stage was wie,hin mononuclear cells and showed a tendency to 

collect together. 	By 150 days definite nodules were seen 

-ith on irregular seape; they were discrete, cellular and 

perivascular. 	At 180 days reticulin staining of these 

lesions did not show anything more than a few scanty 

reticulin fibrils amid the cells forminn the nodules, (Fig.14). 

There seas som focal erThysena in the neighbourhood of the 

lesions. 	The lesions remained discrete and cellular with 

no fibrosis till 400 days, when the experiment was concluded. 

(C) 	[ROI 0 -ACT I V,  AND NON-ACTIVE PANT LUTE C AM3I DE 

There were n few differences between the lungs of 

animals injected with tadio-active tentalum carbide and t ose 

Injected with the non-active dust. 

acroscopic Appearances 

Radio-active Tantalus Carbide (eb.50 microcuries). 	The 

lungs of en animal v ice died at 27 days eere haemorhagic, 

and showed deposits or eust on both lung surfaces. 	Two 

animals which died at 88 days showed similar changes in the 

lungs. 	By 250 days, when all surviving aeimals were 'illed, 

only occasional deposits of oust ere seen on the lung 

surfaces. 	Four of the seven anitftels hod multiple abscesses 

and areas of necrosis in their lungs. 	liacteriologicn1 

exateination and culture of the contents of these nbsceeses 

proved that they were sterile. 

The tracheo-broncbial lynph nodes ,ere enlarged 

and black. 



active Tantalum Carbide (E-10 microcuries). 	The 

lungs of the animal which died on thc second day after 

injection. were congested and there was some dust on the 

surface. 	There were rio apparent dust collections on the 

lunh surfaces of the animals hilled at 240 days. 

The trochee-bronchial lymph nodes were si h:h ly 

enlarged and blaek,.. 

Non-ac ive Tantalum Carbide: 	A few dust collections were 

seen on the lunc;s of the anArAlis killed at 240 days and 

300 days.. 	The tract: eo-bronchial lymph nodes were enlarged 

and black.. 

Microscopic Appearances 

Radio-active Tantalum Carbide (25-50 microcuries). 	At 27 

days there were dust cr is lying free within the alveoli, 

while a few were aggregated. 	Some dust particles were 

free. 	There was marked hyperplasia of the peribronchial 

lymphoid tissue. 	By 88 days th dust cetls were collected 

together in nodules which did not show any fibrosis. 	At 

250 dajs the lunh &ohed verh occasional nodular lesions 

without any fibrosis (Fig. 115). 	ip -ematous areas were 

seen in some cases, the spaces dilated to very large 

proportions. 	Parts of the lung were necrotic. 	Apart 

from this -Vera aces rio evidence of the usual radiation 

chanhes occuhrin in the lungs. 

Radio-active Tantalus, Carbide (5-10 microcuries). 	In the 

luns examined after two days the dust ens seen lying free 

within the aiveoli. 	At 240 days a few nodular collections 

of dust cells here seen, in wHich no reticulin fibres were 

96 



deeeonstrable,by silver impregnation (Fig. 16). 	There was 

very little dust in the lungs et this stage. 	The peri— 

bronchial lymphoid tissues showed hyperplasia. 	A mild 

degree of emphysema was present. 

Tantalum. Carbide (Non-active). 	At 2.50 days a few nodular 

collections of dust cells were seen situnted perivascularly. 

No fibrosis was seen on reticulin staining (Fig. 17). 	were 

was some hyperplesia of eeribronchial lymphoid tissue. 	At 

300 days the lesions were similar to those at 240 days, and 

showed very little dust in the lungs. 

DISCUSSION 

The degree and amount of fibrosis produced in the 

lungs by quartz and corundum of comperable size end amount 

were very different. 	Themes quartz produced the maximum 

fibrosis with fully collagenous confluent lesions (grade 5) 

at 150 days, corundum merely produced lesions which remained 

within the maximum limits of grade 1 fibrosis, even at 365 

days. 	In spite of this difference in the tissue reactions 

produced by these two dusts, their recoveries from the lungs 

at varying intervals were, on the whole, very similar, as 

seen from Table 4. 	There was a rapid .loss of about 40% by 

weight of the dusts during the first 60 days, and after this 

the total recovery was fairly constant. 	It is possible 

tat the early loss of material in the case of the corundum 

was due to the dust heirs; removed via the broneA. and then 

veins; swelLeed with mucus, es no loss ue to eolubility 

during; tne nrodl)ction of tissue lesions is liAely to occur 
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with this dust. 	it is reasonable to assume from the 

avail-blc data that the same is probably true for the rl.uartz. 

It would seem, therefore, that loss of material due to 

so ubility during the production of • slons in the tissues 

is too slijit to be detected by the tecenique employed in these 

experiments. 	Thre does not seem to be any relation either!  

between tJe A.brogenicity of a dust and the rate at which it 

is eliminated from the lungs. 	About 30 days after the 

injection oe dust, the tracheo-bronceial lymph nodes were 

large enough to be dissected out and enalysed. 	There was 

more dust in the lyhph rice:es of anim7ls injected with euartz 

than in those of anieals injected with corundum. 	This 

dieference was more merked in tee inter stages at 365 days. 

Contrare to expectations, it seems as if fibrogenic dust is 

mo:e rapidly transnortcd erom the lunes than an inert dust. 

eoreover, this trensport of dust anpears to take place after 

fibrosis is established, when the dust would he more .likely 

tf) be eirmly lodged in the tissues. 

The results obtained in the case of the different 

tynes of coal were quite different. 	eletologicelly, the 

lesions produced in the lungs by anthracite and bituminous 

coal of comparable particle size and ash content, were 

ethical - discrete, cellular nodules surrounding welch 

were a ftw reticulin fibrils, with no evidence of fibrosis 

ven et 400 daye. 	The Tesions produced by ra mixture of 

anthracite and bituminous coal were no dif:erent to those 

produced by eith - r alone. 	Belt and 1, ing (1945) obtained 

similar results in thnlr studies on the action of pure 
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anthracite and bituminous coal on -the lungs of rats. 	The 

lesions in bceV: cases vier° minima 1 and consisted of the 

sieplest type of foreign-body reaction even at 500 days. 

Wright (1951) found, similarly, t:.at rats failed to develop 

fibrosis in their lungs after exposure to an atmosphere of 

coal dust for long periods of time even thouee ee was able 

to demonstrate the presence of large amounts of dust in them. 

Dedham, in Australia, exposed rabbits to coal dust inhalation 

for periods up to seven years, but no fibrosis was evi, ent 

in their lungs (1iletcher, 1951). 	Although anthracite and 

bituminous coal behave in en identical manner .pith regard to 

the lesions they produce in the lungs of cxnerimental animas, 

yet they differ in the rates at which they are eliminated 

from. the lungs (Table 5 	d granh). 	In the early stages of 

the experiment - dering the first 60 days - the differences 

between the amounts of dust recovered were slight, there 

being more anthracite coal in the lungs than bituminous coal. 

By 90 days, eowevee, about 33 of the irelecte3 dust was lost 

in the else of •elthracite, while tee bituminous coral showed a 

loss of nearly 54, 	from this period onwards, there wan a 

definite difference in the amounts recovered from the lungs, 

there being more anthraciLe coal eemaining in the lungs than 

bituminous coal at a)1 stages. 	The recoveries from the 

lungs of animals injected with the mixture of anthracite and 

bituminous coal gave intermediate values, being between those 

for anthracite and bituminous alone from 90 days onwaeds. 

Waking allewanees for unavoidable experimental errors, the 
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recovery vaiues rrom the luns of these three substances 

are, on the whole, significant, 	iiecoveries on the bulked 

tracheo-bronchial lymph nodes showed no significant 

differences between the three groups till 250 days, after 

which there was more dust in the nodes of animals injected 

with bituminous coal than in the other two, which ns what 

was to be expected. 	It is not possible to craw any definite 

conclusiohs ?corn the lymph node recoveries, although when 

studied in conjunction with the recovery from th lungs it 

would appear from the available data that bituminous coal 

dust is eliminated more rapidly from the lungs than anthracite 

CO8 • 

The results of in vivo measurements made on rats 

injected with radio-active tantalum carbide containing 25-50 

microcuries were disappointing and difficult to interpret. 

The values were not very accurate es the counts made were 

much too eigh for accurate ass(ssment, too much radio-active 

tantllum carbide havir been used. 	Nevertheless, there 

was a diminution in the activity measurements up to GO days 

(Table 6), and it is likely that this persisted, since 

despite inconsistencies in the counts rude afte2 post-mortem 

removal of the organs at 250 days, the lung activity had, in 

most cases, fallen to between one hal: and one-eighth of 

what it was at 30 days. 	In fact, in some cases it had 

fallen even below this. 	The tracheo-bronchial lymph nodes 

had 2 to 7% of the total activity, which compares fairly 

well with the percentages of coal found in the lymph nodes 

(Table 5) and of corundum (Table 4), but is less than those 



101 
for quartz. 	These inert, nearly non-pathoeenic, dosts 

appear to be moved less rapidly than the pathogenic - eartz. 

In the group of animals injected with the smaller 

dose of isotope (5-10 miceoceries), ie vivo measurements 

were rade on tee animal as a whole and the total body activity, 

as well as tee ectivity of the excreta, expressed as percent-

ages of the total doles deposited in the animals as repres-

ented by the measurements obtained soon after injection 

(Table 7), 	Nearly 48;) or the total activity deposited in 

the anii els tees lost by 17 days, 65c by 28 days and 70°1, by 

e6 days, while only 	of the activity remained at 100 days. 

Assay of tee excreta for activity showed a coeresponding 

increase with decrease of body activity. 	These results 

suggest th at most of the radio-active dust vas ell crated 

fairly rapidly from the lungs, as the decrease in activity 

cannot be accounted for in any othc r way, since the isotope 

has a half-life of 120 days and radio-active decay would 

riot be an important factor in the dirinetion of activity. 

Neither the radio-active dust nor the non active 

tantalum carbide produced pulmonary fibrosis in rats. 	In 

the animals injected with radio-active dust containing the 

larger dose of the isotope the lungs s owed large areas of 

necrosis and sterile abscesses, but apart from this 

tendenc. there were no radiation-induced chances similar 

to those known to occur in human beings. 

summARy 

The recovery of quartz and corundum injected into 
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the ,ungs of rats was studied at varyire-  aeriods after 

injection. 	The main less occurred d ring the first 100 

days, when 40p of the material injected was lost. 	The 

total recoveries for quartz which produced grade 5 fibrosis 

in 150 days and for corundum, which produced no more than 

grade 1 fibrosis (maximal) at 365 days, were so similar 

that loss of silica due to solubility of the dust in animal 

tissues is likely to be very small. 	ibrogenic material 

(euartz) moved to the lymph nodes in greater amounts than 

the nearly inert substance oorundiun. 

Inthracite and bituminous coal. Oust of similar 

particle size, and a mixture of the two, re.oduced identical 

lesions in the lungs of rats - minimal reaction without any 

fibrosis, even at 400 days. 	decoveries of these two dusts 

from the lungs yielded very different results, bituminous 

coal being found in smaller amounts than anthracite. 	By 

120 days only about 30'i4 of the anthracite was eliminated 

from the lungs, while nearly 	of the bituminous was removed 

during the same period. 	lecoveries for the mixture of the 

two coals gave intermediate values. 	There seemed to be more 

dust in the lymph nodes of ant els inf ected with bituminous 

coal than in the other two 2roups. 

Rats injected with radio-active tantalum carbide 

containing 25-50 microcuries or 5-10 microcuries of isotope, 

exhibited a diminution in activity as seen by the results of 

in vivo measurements durin-  the course of 250 days. 	In those 

animals injected with the larger dose, the lung activity fell 
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to less than i the original, while in the animals injected 

with the sraller dose only 12c/  of the total dose deposited 

in t e animals remained at the end of 100 dAys. 	leither 

the radio-active nor the non-active dust produced 

pulmonary A.brosis in rtrls. 
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Section I. 
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Fig. I A. Electron micrograph of quartz dust (Snowit) 
nominal size, 0.8-111/. (1/u. 6mm.) 	(X 6000). 

ap 	4004 

.401"*  

• 
Fig. I B. Electron micrograph of synthetic corundum 
(Alumina), nominal size 0.8 - 11& (lit= 6 mm.) (X. 6,000). 



Section I. 

Fig. 2. Radiograph of normal rat lung, air-inflated, 
for comparison with dust-injected lungs. Shows normal 
lung markings with alveoli and vessels. (X 1.5) 



Section I. 

Fig. 3 A. Radiograph of rat lung, 150 days after 
injection of 50 mg. quartz, showing relaacement of 
normal lung tissue by fibrous areas; very little 
n)rmal tisue seen in the peripheral parts of the 
right lung only. 	Air inflated. (X. 1.5). 

Fig. 3 B. Aat lung, 365 days after injection of 50 mg. 
quartz. 	fibrosis seen in the greater part of the lungs. 
Air-inflated. (1.5). 



Section I. 

Fig. 4 A. Radiograph of air-inflated rat lung, 150 
days after injection of 70 mg. synthetic corundum. 
:chows lung markings in most areas with very little 
fibrosis. (X. 1.5). 

Fig. 4 B. Radiograph of rat lung, 365 days after 
injection of 70 mg. synthetic corundum. There is 
some fibrosis, but most of the lung fields appear 
clear. 	Air-inflated (X.1.5). 



Section I. 

Fig. 5. Rat lung, 150 days after injection of 50 mg. 
quartz. Shows confluent lesions which are totally 
collagenous. (grade 5 fibrosis). Silver impregnation. 
(X. 39). 



Section I. 

Fig. 6. Serial section to Fig. 5 photographed under 
dark-ground illumination to show the distribution of 
dust in the lesions. Micro-incinerated preparation. 
(x. 39). 



Fig. 8. Same nodule as in Fig. 7. Micro—incinerated 
reparation showing a large amount of dust in the lesion. p 

(X.175). 



Section I. 

Fig. 7. 	Rat lung, 150 days after in; action of 70 mg. 
corundum. (.l2O3). 	odular lesions with thick reticulin 
fibres loosely arranged (grade T fibrosis, maximal). 
Silver impregnation. (X. 175). 



Section I. 

Fig. 9. Rat lung, 30 days after in 	of 100 mg. 
anthracite coal. Dust distributed diffusely through-
out the lung within alveoli. Silver impregnation. 
(x. 42.) 



Section I. 

Fig. 10. Rat lung, 180 days after injection of 100 mg. 
anthracite coal. Dust collected into focal nodules 
which are compact. ho evidence of fiblcsis. Silver 
impregnation. 	(X. 220). 



Section 1. 

Fig. 11. Rat lung, 30 days after injection of 100 mg. 
bituminous coal. Dust diffusely distributed through—
out lung alveoli. Silver impregnation. (X. 42.) 



Section I. 

Fig. 12. 	;:at lung, 150 days after injection of 100 mg. 
bituminous coal. 	ocal aggregations of dust with no 
reticulin fibmsis. Silver impregnation. (X. 220). 
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Pig. 13. Rat lung, 30 days after in3 otion of 100 mg. 
anthracite plus bituminous mixture. Dust distributed 
diffusely throughout the lung. Silver impregnation. 
(X. 42.) 
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Section I. 

Fig. 14. 	tat lung, 180 days after injection of 100 mg. 
antracite and bituminous mixture. Dust collected into 
nodules with scanty reticulin fibres surrounding them, 
but no definite fibrosis. 	Silver impregnation. (X.220). 



Section I. 

Fig. 15. Rat lung, 250 days after injection of 50 mg. 
raclio-active tarttalum carbide containing 25-50micro-
curies of isotope. Small collections of dust, without 
any fibrosis. 	Silver impregnation. (X. 130). 



Section 1. 

Fig. 16. Rat lung, 240 days after ii4ction of 50 mg. 
radio-active tantalum carbide contgining 5-10 micro-
curies of isotope. Small, irregular dust lesions with 
no fibrosis. Silver impregnation. (X. 130). 
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Fig. 17. Rat lung, 250 days after injection of 50 mg. 
tantalum carbide (non-active). Focal collections of 
dust without any increased reticulin. Silver 
impregnation. 	(X. 130.). 
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SiXTION II 

TM. ACTION OF YARIABLL AMOUNTS OF  

TRIDYMITE ON ThE IDNGS OF RATS  

It is an accepted fact that pure silica e.0nrodeee 

tissue reactions in. experimental animals similar to those 

found in human silicosis. 	Various forrs of pure silica are 

known to exist in nature and are inhaled by workers eriployed 

in industries making use of these dusts. 	Jeveral modifications 

of pure silica exist at room temperature and of these, euartz, 

cristoballite and tridymite are crystalline forms, while fused 

silica is a solid. 

Although many forms of silica have been investigated 

in a general may, very little ras hnovn as to the difference 

in pathogenicity between the various forms of pure silica till. 

recently. 	Investigations on th. rate and severity with which 

the different forms of silica act mere made by Gardner and 

Cumming-9(1933) and later by Gardner (1938). 	They studied the 

reactions produced by the different forms of mire si ice. when 

introduced into rabbits by the intravenous route. 	.uartz 

produced nodular fibrosis of the liver on intravenous injection, 

while te most severe and rapid lesions mere obtained with 

tridymite. 	From the results of these experiments, Gardner 

arranged the different forms of silica according to the 

intensity of the reactions produced by them. 	He found that 

tridyrrite was most pathogenic, cristoballitc came next and the 

others followed with chalcedony and tripoli, 7uartz, and 

vitreous silica in that order. 
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ring, Nohanty, Harrison and Nagelschmidt (1953(a) ) 

injected pure forms of tridymite, cristoballite, euarte and 

fused silica of similar silica solubility and uniform particle 

size -<2)1 - in equal amounts into the lungs of rats, and 

studied the reactions produced by them. 	They found that 

tridyeite produced the most fibrosis in the shortest period of 

time, cristoballite produced more fibrosis than quartz in the 

same period, weile fused silica produced less. 	The reaction 

produced in the tissues by tridymite was dramatic; the 

eaximum degree of fibrosis eas reached in 60 days, while 

cristoballite took 240 days to produce the sane degree of 

fibrosis and quartz 270 days; and fusee silica failed to 

produce lesions of the sane severity even up to 450 deys. 	The 

reason as to why the tridito uns so reb more fibrogenic than 

the other forms of pure Si 1C was not clear. 	It eey be 

mentioned, boever, that in the course of arepnrntion, the 

tridymite had been in contact with hydrofluoric acid at one stagee 

This raised the qu stion ns to whether the exterme pathogenicity. . 

of the tridymite could, in any nay, have been due to the hydroee 

fluoeic acid, as eing, ohanty, Harrison and Nagelscheidt (1953.(0) 

found that treatment of a. sample of quartz with hydrofluoric 

acid enhanced its pathoeenicity. 	It eas teereore decided to 

use a sample of tridymite similar to the previous one in every 

way except in that it had not been in contect eith hydrofluoric 

acid, and to study the r. notions produced in the lungs of 

experimental animals by variable amounts of this dust, 

sample oe tee dust was also used after ciectro-Cialysis to 
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ensure its further nurification by the removal of•any 

adsorbed electrolytes. 

,xnerients were set ern using, tridymite in doses of 

12.5 mg., ;5 	51-' 	'end :1.) mg. of thr electro-dialysed dust 

per rat, injected intra-tracheally. 	Animals were TAlLed at 

regular intervals end the Lung patholo7y st died. 

Group 1 	12.5 mg. tridymite/rat 

Group 	- 	25 mg. tridymite/rat 

Group III 	- 	25 rrg. electro-dialysed tridymite/rat 

Group IV 	- 	50 mg. tridyrite/rat 

Descrintion of Samples  

Synthetic tridymite was nrenared from Lochaline sand 

with a flux. 	The flux was dissolved -fter heating by prolonged 

boiling with hydrochloric acid. 	The resulting tridymite was 

very pure and a fraction below 2. microns was prepand at the 

Safety in ;ines Research 'Istablishment, Sheffield, by sediment-

ation in water after grinding tie material in an agate mortar. 

The above sample was electro-dialysed for twenty hours 

betwec platinum electrodes to remove any adsorbed electrolyte. 

The tridymite was kindly sunplied 	Bader of 

the ,A)rth '̀hates Gas Board Laboratory. 

The chemical analyses, sol bilities and 

distribution of the two samples are riven in Table 1, and the 

electron roicrographs in Fig. 1. 

i-reparation of Dust Suspensions for Infection  

Amounts of 0.1875 g., 0.375 g. and 0.75 	o:C the 

tridy! ite sar.ple and U.375 g. of the electro-dialysed sm_ple 
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TABL 1 

iJUTICI. SIZE DIOTRIBUTION 'ND ZALY3IS OY DIFFIREM  

; 	fit' .ID 	t8ED IN ANII;4AL. ,XPERIIENT:3  

Jample 	Tridynite 	Tridymite 
(deetro-dialysed) 

-••••••••••••=1.1.11111.1. 

0.23 - 0.32 22.4 0.3 
0.32 - 0.45 12.5 0.7 22.1 0.9 
0.45 - 0.b4 22.4 3.4 16.4 2.1 
0.64 - 0.9 29.4 12.3 14.1 4.4 
0.9 	- 1.3 27.3 31.8 9.4 0.3 
1.3 	- 1.8 6.2 20.7 7.8 19.6 
1.8 - 	2.6 1.6 15.0 4.0 ''cl 	9  
2.6 	- 3.6 0.6 16.1 1.8 36.2 

6pecifle Surface 
m/gm, 

Ji02 (A 

2.3 

99.3 

1.7 

99.2 

Ignition loss (A 0.10 0.57 

10.7 9.05 
(61.02 mg/100 rl.) 



108 
were weighed into 25 ml. screw-capped bottles and 15 ml. of 

sterile physiole:ical saline added to each, so that the final 

concentrations of tile' euspensions were 12.5 mg., 25 mg., 50 mg. 

trioyeite end 25 mg. electro-dialysed tridyr ite ner ml. of 

suspension. 	The mixtures were thoroughly shaken for about half- 

an-hour in a microid flask-shaker, autoclaved for 20 minutes at 

15 lb. pressure and then re-shaken till the time of the injection. 

each animal received 12.5 mg., 25 mg., 50 mg. and 2t; mg. of the 

respective dust suspensions. 

Animals 

Ten male rats were used in each of the four experi- 

ments. 	They were the black and white hooded variety of tee 

Ledicel Research Council strain and had an average weight of 200g. 

The animals were lightly anaesthetized with ether 

and the dust suspensions injected intratracheally following the 

technique of Kettle and Hilton (1932), rLodified by Belt and ing 

(1945) and ey 	Lohanty, garrison and Nar;elscemidt (1953(b) ), 

a eetailed description of which has been given earlier. 

There was no regurgitation of the dust and no 

immediate post-operaeive deaths. 

Duration of ,xnerin nts  

One rat from the :roup of animels injected with 12.5 mg. 

of dust, two from the g oup injected with 2h r ., two from the 

group with 25 mg. electro-dialysed dust, and five from the eroup 

which had 50 mg. wer, lost by death or cannibalism. 	There was 

a large number of deaths in the last group (50 mg.) during the 

first week of the experiment, due mainly to infection. 	It was, 

therefore, not possibl( to obtain eeual days of survival in all 
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Cases. 	However, the killing of anials in the various groups 

was so adjusted as to enab'Le the lung pathology to be studied 

till the maximum degree of fibrosis was produced by the differ- 

ent amounts of dust injected. 	The first experiment , (12.5 mg. 

dust) was extended to 300 days, and the second and thil'd 

experi: ante (25 mg. of dust, and 25 mg. electro-dialysed dust) 

to 100 days. 

	

	In the case of the last group, where the animals 

were injected with 50 mg. of dust, the experiment ran for 75 

days ony as none of the animals survived beyond that time. 

Pathological Technic ale  

One animal from each group as killed at monthl:i 

interwas es far as was possible. 	In the fTroup which received 

the electro-dialysed dust this was done at fortnightly intervals. 

Routine post-mortem examinations were carried out 

both on the animals which were killed, as well as on those found 

dead. 	The lungs were fixed in 10% formol-saline and blocks 

selected along their long axes at the level of te hilum, for 

histoloical study. 	The blocks were dehydrated, cleared, 

impregnated with paraffin wax, embedded, and serial sections made 

at 521. 	These sections were stained with haematoxylin and eosin 

and Gordon and .sweets' silver inpreflation; another was micro-

incinerated and acid-washed Irld used to study the distribution 

of dust. 	The details of these procedures have been recorded 

earlier. 

PATHOLOGICAL FINDINGS  

The lungs of some animals were not available for 

histological exandnation owing to cannibalism. 	1he lungs of 
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most of the animals which eere found dead shooed areas of 

bronchonneumonic consolidation with a certain amount of 

necrosis. 	These 1uncs were not included among those used to 

assess the degree of fibrosis due to dust. 

Sections from the luns were examined and the 

pulmonary fibrosis seen in the most advanced lesions in Loch 

case was graded according to Belt and King (1945), into one 

of five grades as previously described. 

The patl,oloFical gradines so obtained, together with 

the number of days of survival of the animals end the rode of 

their death, have been summarized in Table 2. 

Gross Appearances of tore Lungs  

The gross apecarances of tee lungs of the animals 

killed nerio ically from tns four nroups snowed some variations. 

12.5 mg. 2ridyeAte. 	The group which received the snallest 

dose of oust (12.b mg.) shored in the early stages some scattered 

subpleural collections of dust, greyish-white in colour end r ost 

marked over the dorsal aspects of the lungs. 	At 9n days,  small, 

discrete areas of fibrosis were seen over both lungs and tn-se 

appeared larger by 150 days. 	There was hardly any change from 

this time till 300 days, when one lung shoed confluent areas of 

fibrosis and the other natchy fibrosis. 

25 mc;. Tridymite. 	Two anilals from this group died during the 

first fortnight of the experiment. 	Their lungs sere heeeorrhnseic 

and the dust lesions less prominent than in those examined later. 

t 30 days th,  re were subpleural dust collections with well-

marked fibrotic areas dorsally, which became confluent by 60 

days. 



TABLE 2  

SUKMARY OF TH.Ii.; PA'HOLOGICAL CHANGLS IN THE LUNGS O RAT3 BROUGHFABOUT  
BY VARIABLE AMOUNT 3 01? TnDYMITE 

Days of Survival 12.5 mg. 25 mg. 2.5 mg. 
(Electro-dialyseC,) 

50 mg. 

Mode of 
Dp.ath 

C3-rade of 
LlhE2.21U. 

Yode of 
Death 

Grab 	of 	::ede of 
Fibrosis 	Death 

Grade of 
Fibrosis 

(xle of 
Death 

Grade of 
ElLcuLg 

1 - 9 D(1) - K(1) 2 4. D(5) - 

10 - 15 D(1) - K(1) 2M K(1) 2 4 

16 - 30 K(1) 1 4 K(1) 2 4 K(1) 3M ; K(1) rv,1 ,...,J. 

31- 45 D(1) - K(1) 5 4. 

46 - 6C K(1) 4 K(1) 5 4 K(1) 5 D(1) 5 4 

Eaten(2) 

61 - 75 , D(2) 5 

76 - 90 A(1) 3 K(1) 5 ..., 

91 - 100 D(3) 5 

101 - 120 L(1) rz  D(1)  5 il) 

121 - 180 L(2) 4 

181 - 299 4 

-Eaten (1) 

300 5 4. 

4 Sectionsitom the lungs of thcse irlinals are reproduced in the figures. 
K 

	

	D i■ Died; the numbers ( ) indicate thc number of deaths or killings 
durim that period. 

= F;.aximum within the indicated grade of fibrosis. 
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25 mg. A.ectro-dialysed tridymite. 	The first animal was 

killed at 9 days. 	The lungs showed the usual subpleural 

dust collections and, in addition, there were definite areas 

of fibrosis distributed throughout both lungs. 	At 15 days 

the fibrotic areas were beginning to become confluent, and by 

45 days these confluent areas were larger. 	Part of the lung 

tissue was replaced by confluent fibrosis at 75 days and these 

areas increased in amount till the end of the experiment (100 

days). 

50 mg. Tridymite. 	Within the first week five animals in this 

eroun died. 	Their lungs were haemorrhagic and earts were firm 

due to consolidation. 	The animal killed at 15 das had sub- 

pleural dust collections dorsally, with discrete areas of 

fibrosis. 	At 30 days these areas were more marked, while both 

lunrs of an animal dying at 50 days showed confluent fibrosis. 

The last two animals died at 72 days and their lungs showed 

relssive confluent fibrosis with very little normal-looking areas 

left behind. 

The tracheo-bronchial lymph glands in all these groups 

were enlarged to several times tec normal size and were firm, 

Acroscopic Appearances of the Lunes 

The lesions produced in the lungs by the various 

arLounts of tridywite injected were similar in the type of re- 

action and differed erely in their severity. 	The smallest 

amount (12.5 mg.) produced a fair quantity of fibrosis at 30 

days, pro:;ressing to grade 3 at 60 days, grade 4 at 150 days 

and the maximum fibrosis (grade 5) at 300 days. 	25 mg. 
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tridymite produced fibrosis rapidly, reaching the maximum at 

6d days. 	There was hardly any difference between the reactions 

produced by 25 n. of tridymite and the same Quantity of electro- 

dialysed dust. 	The most marked lesions were in the lungs of 

the animals which received 50 mg. of the dust, being grade 3 at 

30 days and grade 5 at 52 days, involving nearly all the lung 

tissue. 

In all croups, microscopically there was subpieural 

drift of dust and the pleura overlying - the lesions showed 

thickening. 	Dust cells were present in some a veoli, in the 

interstitial tissues and lynphoid follicles. 	There vas marked 

hyperplssia of the peribronchial lymphoid tissues. 

12.5 mr]. fridymite. 	This dose produced mild lesions in the 

lungs in the early stages, but the maximum degree of fibrosis 

was not leached till 300 days. 	The luns of the animal killed 

at 30 days secned a good dust cell reaction end a marked pert-,  

bronchial lymphoid reaction. 	In many areas the dust cells were 

aggregated to form small,discreteoodular .Lesions which were 

irregular in shape and mainly per-Vascular in ,istribution. 

These lesions were composed entirely of cells and on reticulin 

staining a loose network o; fine reticulin fibres was seen within 

them (grade 1 fibrosis. Fig. 2). 	An occasional nodule sl,o7ed 

a small amount of collagen. 	Vt GO days the nodular lesions 

were sti,1 discr't 	and their centres were somewhetacellular. 

The loose reticulin network was replaced by collagen fibres 

which were thick and compact and seemed to occupy most of the 
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nodules (grade 3 fibrosis. Fig. 3). 	There was no appreciable 

difference in the histological picture from this time till 

150 days, ehen the lesions were larger, while most of them were 

almost completely acellular. 	A few such lesions, however, were 

silently cellular at the neriphery. 	The nodules eere composed 

wholly of thick collagen fibres tightly packed to-ether in the 

form of a whorl (grade 4 fibrosis). 	From this period till 

300 days there vas little chan 'e in the lesions except for an 

occasional one which shamed signs of commencing confluence. 

At 300 days the right lung shooed many lesions which were 

aceflular, confluent and fully collagenous (grade 5 fibrosis; 

4 and 5), while the left lung presented a similar eicture 

out with fee confluent lesions. 

25 rg.  rridymite. 	The animal killed at 30 days showed a good 

dust coli reaction in tne lungs with a well-merl:ed peribronchial 

lymphoid reaction. 	There were, in addition, many discrete 

cellular lesions perivasculnrly distributed, with thick and 

compact reticulin fibres. 	There was some colitagen in many of 

the nodular lesions (grade 2 fibrosis. Fig. 6). 	By 60 days 

the lesions had eroTessed so rapidly that the nodules were 

mainly acellular, confluent and collagenous (grade 5 fibrosis. 

Figs. 7 and 8). 	About half the lung area exa ined was re- 

placed by these confluent lesions. 	At 90 days the fibrosis 

had increased in ruantity and the area of lung involved vas 

greater than at 60 days. 	The two remaining animols died at 

97 and 110 days rfspectively and their lun;s presented the same 

histological annearances es those of the anieal killed just 

before. 	Pleural thickening vas noticed in the sections 



examined from the lungs of animals killed in the later staees. 

25 mg. electro-dialysed Tridymite. 	The first animal .filled 

in this roup was at 9 days and the lungs shoed a few dust 

cells lying within. the alveoli and hyperplasia of the eeri.. 

bronchial lymphoid tissues. 	There were, also, numerous 

discrete, nodular lesions composed of aep4'egations of dust cells 

and situated perivascularly in toe aajority of cases. 	few 

nodules showed, on reticulin staining, talick reticulin fibres 

arranged in a compact manner, while most of the others contained 

some collagen tightly packed (grade 2 fibrosis. 	Pigs. 9 and 10). 

At 15 days the nodules had enlarged in size, t; ere aceliuler for 

the most part and mainly composed of collagen (grade 3 fibrosis, 

Jig. 11). 	The lesions seen at 3a days were similar to the ones 

seen at 15 da a. 	ay ,;5 days the lesions were greatly advanced 

and nearly all the nodular areas were conftu, nt, acellular and 

fully collagenous (grade 5 fibrosis. las. 12 and la). 	1 few 

nodules were still discrete and slightly cellular at the peri- 

peery. 	From this period onwards till the close of t; e experi- 

ment at 105 days the fibrosis seemed to progress quantitatively, 

so that there was vela little lung tissue which was not involved. 

The picture was one of massive confluent fibrosis in both lungs. 

Pleural involvevent eas also present in the later stages. 

50 ma, Tridymite. 	During the Arst eeek five animals died and 

their lungs showed varying degrees of -neumonic corisolidatioi. 

One animal's lung had multiple abscesses. 	In assessing the"\ 

pulmonary fibrosis present in the lungs as a result of the 

injection of dust, the lungs which presented the appearances of 
rfect5 en 

/or consolidation were not included in the series. 
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The iunes of the animal killed at 15 days shored a 

rood dust cell reaction and a marked peribronchiel lymphoid 
reaction. 	There were many nodular lesions scattered throughout 

both lungs. 	They were discrete, cellular and had coarse, 

compact reticelin fibres with a certain amount of collagen 

(grade 2 fibrosis. Fig. 14). 	At 3° des te lesions still 

reAtined discrete although they were larger and somewhat 

acellular. 	On reticulin staining they were found to be com- 

posed mainly of compact collagen (grade 3 fibrosis). 	The next 

stage at which the lungs were examined was at 52 days, when one 

of the animals was found dead. 	The right lung was almost 

wholly replaced by 'large, confluent areas of fibrosis which were 

acellular and collagenous (grade 5 fibrosis. Figs. 15 and 16). 

Within such areas e few alveoli remained patent, and some new 

formation of blood vessels could be seen . 	The left lung 

presented a similar appearance, except that the amount of lung 

oubstance involved in the fibrotic process was much less than in 

the right one. 	This was probably due to unequal dispersal of 

dust in the two lungs at the time of injection. 	By 72 days 

the remaining animals in this J7roup were dead. 	The lesions in 

their lungs were similar to those seen in the lungs of the 

animals killed previously (52 days), with the one difference 

that the extent of ling ievolvement by the pathological process 

was much greater, both lungs being almost totally replaced by 

massive confluent fibrosis, leaving hardly eny normal 

funetionine tissue. 
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eIJCUJION  

The different duantities of tridyrnite used in these 

experixeents produced very rapid fibrosis in the lungs of rats, 

es compared with other forms of pure •si4ica. 	The smallest 

amount injected - 12.5 mg. - produced lesions u0Ach, according 

to the type of grading oy fibrosis used (Belt rid King, 1945), 

were oi grade 1 severity in 3C days. These lesions progressed 

to grade 3 fibrosis by 60 days, grade 4 by 150 days and reached 

the maximum grade of fibrosis (grade 5) at 300.  days 	When 

double this amount of dust as used 	e. - the process of 

fibrosis was hastened, e;rade 2 being:; reached at 30 days and 

grade 5 at 60 days. 	The sane aeount of dust injected after 

electro-dielysis produced fibrosis even more rapidly, grade 2 

fibrosis being reached at 9 days, grade 3 in 30 days end grade 

in 45 days. 	7ith 50 mg. of dust the tissue reaction was very 

pronounced. 	Grade 2 fibrosis was reached by 15 days, grade 3 

by 30 days and grade 5 by 52 days; the actual amount of lung 

tissue involved by 	fibrotic process WEIS very great - almost 

the entire lung substance examined being replaced by massive 

areas of fibrosis. 	This dose appeared to be too toxic and the 

animals did not tolerate it well, there being no survivors after 

72 days. 

On comparing the severity of the lesions produced in 

animal lungs by these two preparations of tridyrnite at 

perticular periods, it would seem at first that the electro-

dialysed slmple acted more rapidly in producing fibrosis than 

the other. 	A closer investigation, eowever, shoes that this 
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apparent discrepancy is due to experimental variation. 	For 

instance, from the results, 50 rig. of tridymite is found to 

peoduce grade 5 fibrosis in t2 days, while 25 mg. of the electroe 

dialysed sample produced lesions of the same severity in 45 days. 

But it is possible that the maximum fibrosis in the former group 

might have been found to be present .earlier than 52 days, if tissuesJ 

had been examined between 30 and 52 rays. Probably the maximum 

grade of fibrosis vas eroduced before the period at which the 

tissuee eerie examined and the fibrous lesions increased in 

quantity as was seen by the anount of lung tissue involved as 

compared with that in the animals receiving 23 Lg. of dust. 	It 

is to be regretted that esuel survival periods could not be 

obtained with the different erouns of animals and that their 

killings could not be matched better, as this would have thrown 

more light on the subject.^feet this t.as not possible oeine to 

the loss of a number of animals durine the earle stages of the 

experiments in some groups. 

King, ohanty, Harrison and 14agelschmidt (19E73(a) ) 

found from their experiments that 50 mg, of tridymite produced 

far Lore reaction in the lungs of rats than the same arount of 

th other crystalline roes of more silica - cristoballite and 

suartz - of the same partici- size and silica soubility. 	In 

their studies, 50 mg. of tridynite produced lesions of grade 2 

severity in 30 days, grade 3 in 45 days and grade 5 in 60 days; 

cristoballite produced grade 2 lesions in 30 days, grade 3 in 

6e days and grade 5 in 240 days; euartz produced grade 2 lesions 

in 60 days, grade 3 in 90 dees and arede 3 in 270 days. 	In the 
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present series of experiments, the action of the tridyLite eas 

even more rapid, grade b being reached at 52 days. 	rrom these 

results it may be stated that the severity of the reaction 

produced by tridymite can, in no way, be attributed to contact 

with ydrofluoric acid, as was thought ear ier. 	The dust used 

in the present experiments had not been treated with hydrofluoric • 

acid, but the severity of its reactions in the tissues vas in no 

way less than that of the sample so treated. 	Dsrther puri-

fication of a sample by electro-dialysis does not seem to have 

made eny difference either, - as the tissue reactions were just as 

severe. 

There does not seem to be any explanation for this 

severe tissue reaction produced by tridymite. 	However, a few 

facts may be mentioned which may account for it, at least pertly. 

Detailed solubility studies eere carried out on samples of 

tridymitc, cristobaliite and euartz of eeual particle size. 	The 

solubilities as deterained after a week were similar in these 

sairples; but wnen solubility measurements were made at intervals 

of 2 hours, 	hours, 48 hours, 5 days and 7 days on thase same 

samples, the values for tridymite rese more rapidly than the 

corresponding values for cristoballite and quartz. 	If the same 

erocess occurs in tissues as it does in test-tubes, it is 

reasonable to assume that the tridymite goes into solution in 

the tissues earlier than cristoballite and euartz. 	Accordin7 

to the solubility theory, these facts indicate that lesions 

would be produced more rapidly by tridymite than by thr more 

slowly dissolving cristoballite and quartz. 	Loreover, crystal 

structure may itself affect the biological properties of the 
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dust in a way not yet understood. 

Tridymite appears to he several times as fibrogenic 

as quartz, which is also a crystalline modification of pure 

silica. 	50 rrg. of cuartz dust produced the maximum degree of 

fibrosis (grade 5) in the lungs in 270 days (King t al, 1953(s) 

while e:ual and half the amounts of tridymite of the same 

pa ticle size did so in about one-fifth that tine (52 days), and 

a euarter the 	ount (12.5 mg.) produced the same lesions in 'MO 

days, welch is a little longer teen the time taken by 50 mg. 

quartz to produce erade 5 Yibrosis. 

These findings are in agreeieent with those of Gardner 

(1938) who concluded from his experiments that tridymite as the 

most fibrogenic of the various forms of pure silica, and of :Fine, 

Mohanty, Harrison and Nagelsohmidt (195(a) ), whose experiments 

also nroved that tridymite produces more severe tissue reactions 

than other forms of pure silica. 

SUMMARY 

Variable amounts of tridymite dust of high purity 

and equal particle size were injected into the lungs of rats to 

study the reactions produced by them. 	The lowest dose injected 

12.5 mg. - produced the maximum degree of fibrosis in less than 

a year (300 days), while double the dose (25 m.) did so in two 

months, and four times the amount in 45 days. 	The 50 mg. dose 

replaced most of tee lune tissue by fibrous areas. 

electro-dialysis of the dust did not seem to have any 

effect in reducine its fibroeenicity, as the maximum fibrosis 

was produced as rapidly with tee electro-dialyse sam.A.e as efth 
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the ordinary one, vthen both were injected in ecual amounts. 

It is a:;surned from these experiments that tridymite 

which is a crystalline modification of pure silica is nearly 

five times as fibrogenic as quartz - another crystalline 

modification of pure silica - of e':ual particl(! size. 
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3ection 11. 

Fig. 1 A. Electron micrograph of tridymite dust 
2 Au (1 ,6 = 6 mm.) (X. 6000). 

'911111111p 
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s 

Fig. T B. Electron micrograph of electro-dialysed 
tridymite dust. 4. 2 Itt (1 /) = 6 mm.) (X. 6000). 



Fig. 2. Rat lung, 30 days after injection of 12.5 mg. 
tridymite. Nodular lesions showing a loose network of 
fine retioulin fibres (grade 1 fibrosis). 3ilver 
impregnation. 	(X. 210). 



Section II. 

Fig. 3. Rat lung, 60 days after injection of 12.5 mg. 
tridymite. Shows a silicotic nodule with thick, compact 
collagen (grade 3 fibrosis). 	Silver impregnation. 
(K. 65). 



Section 11. 

Fig. 4. Rat lung, 300 days after injection of 12.5 mg. 
tridymite, showing confluent lesions, which are fully 
collagenous (grade 5 fibrosis). Silver impregnation. 
(X. 48). 



•

Se ct i on I I .

Fi g . 5. Ser i al section t o Fig. 4. Mi c r o-incinerat ed
preparation of the s ame area, showing t he distri bution
of dus t in t he lesions . eX. 48 ) •



Seotion II. 

Fig. 6. Rat lung, 30 days after injection of 25 mg. 
tridymite, showing nodular lesions with thick and 
compact reticulin and some collagen (grade 2 fibrosis). 
Silver impregnation. (X. 210). 



Sect i on I I .

Fig . 7. Kat lung , 60 days aft r i njection of 25 mg .
tridymite . Confluent , fully collagenous l esions
(grade 5 fibr os i s ) wi t h a f ew patent alveoli . Silver
i mpregnat ion . (X. 48) .



Section I I .

Fig . 8 . Ser i al s ect i on to Fig . 7 photographed under
dar k-ground illumination to show de nse coll ecti ons of
dus t i n t he lesions . Mi cr o- incine r ated pr epa r at i on .
(X I 48) .



Section II. 

Fig. 9. 	(at lung, 9 days after injection of 25 mg. 
electro—dialysed tridymite. Nodular lesions with 
compact reticulin, (grade 2 fibrosis). Silver 
impregnation. 	200). 



Se ct i on II .

Fig. lO ~ Se r i al s ection to Fig . 9 , micro-inc i ner ate d
to shov t he di s t r i but i on of dus t i n t he l e s ions . (X . 200 ) •



Section II,. 

Fig. 11. Rat lung, 15 days after injection of 25 mg. 
electro-dialysed tridymite. Lesions contain compact 
collagen (grade 3 fibrosis). Silver impregnation. 
(X. 130). 



Section II. 

Fig. 12. hat llpg, 45 days after injection of 25 mg. 
electro-dialysedi."1- Confluent lesions c,::Aposed entirely 
of dense collagen (Grade 5 fibrosis). Silver 
impregnation. (X. 48). 



ue ct i on I I .

Fi . ~ . u rial s ect ion t o Pi • 1 2. s hmTi
area f t r mi cr o- i nc i ne r a i on . Le ~on8 c o
qua nt i t i e of dust . (X. 48 ) .

the ame
a in arge



Section II. 

Fig. 14. 	tat lung, 15 days after injection of 50 mg. 
of tridymite. Lesions show thick, compact reticulin 
and some collagen (grade 2 fibrosis). Silver 
impregnation. (X. 210). 



ection II. 

117, 15. Re,t lung, 52 days after injection of 50 mg. 
tridymite. Confluent lesions with dense collagen 
(grade 5 fibrosis). A few patent alveoli and blood 
vessels seen within the lesions. Silver impregnation. 
(x. 48). 



Sect i on II .

Fig . 16 . Micr o- i nci ner a t ed preparation of t he serial
s ection t o Fi g . 15, sho ing t he di s t ribut ion of dus t
i n the lesions . ~X . 48) .
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SECTION III ,  

THE ACTI0i4 O1' AlaRRACITE A'AD BITUMINOUS COAL 

	

kiSTS MIXED WITH ik 	p AvloyhT OF TRIDYkITE 

	

o1 TgE 	OF RATS 

Experimental studies on animals have shown that 

pure coal does not produce any permanent lesions in the lams 

even after long periods of time (Belt and King, 1945; Wright, 

19.51; Fletcher, 1951; Section I of this thesis). 	Belt and 

(1,45) studied the reactions producce. in the lungs of 

rats by various dusts frow the South wales wines, and found 

that dusts consisting of 90p or wore coal, whether anthracite, 

bituminous or steam coal, only produced minimal lesions of 

the simplest type of foreign-body reaction in 250-500 days. 

Coal dusts containing  1..310 quartz produced mild reticulinosis 

which was wore marked than in the lesions produced by pure 

coal alone. When, however, i,he sample of coal used contained 

more than 12.5d siliceous material, more advanced pulmonary 

lesions appeared, the fibrosis reaching grade 2 and 3 (compact, 

ilollagenous lesions). Artificial mixtures of airborne mine 

dust from anthracite and bituminous w 1 ,s, containing pure 

quartz in amounts varying from 19-3UA produced grade 4 fibrosis 

in 365 days in rats, there being no difference in the lesions 

produced by the anthracite-quartz and bituminous quartz 

mixtures. 
Ray, King and Harrison (1; 51 (a) and (b) ) showed 

that a small amount of quartz (4 mg.) when mixed with a large 

ni,ount of clean coal (98>) produced more severe pulmonary 
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lesions than the same amount of quartz by itself. 	The large 

amount of inert coal dust acted to prevent the loss of quartz 

through the lymphatics to the lymph nodes, thus causing 

retention of the quartz dust in the lung, where it exerted its 

toxic effect with consequent formation of fibrous lesions. 

The same workers later studied the action of airborne mine 

dusts (anthracite and bituminous) on varying amounts of quartz, 

by injectin6  into rats mixtures GT mine dust with 10p and 3ai. 

commercial quartz (19'51 (c) ). 	They were unable to observe 

any differences between the lesions produced by the quartz-

anthracite and quartz-bituminous-Axturcs at either level of 

added quartz, nor did the mine oust have any ihhibitory action 

on the quartz. 

It would seem, then, that small amounts of quartz 

which do not produce fibrous lesions in the 1,,,n,s when used 

alone, are capable of doint, so when used in combination with 

coal dust. 	Iii a previous section of this work it was found 

that tridynite, which is a crystalline modification of pure 

silica, is very pathogenic when introduced into the lun,,s of 

rats, producing marked fibrosis rapidly, even in small 

quantities, and being about five times as fibrobenic as quartz. 
It seemed desirable, therefore, to study the action of inert 

dusts such as coal when mixed with a very small amount of a 

fibrogenic dust like tridymite, in order to determine whether 

the results would be similar to those obtained with quartz 

and coal mixtures. Both anthracite and bituminous dusts were 

used alone, and with tridymite 3 the same quantity of tridymite 
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was also used without any coal, to serve as a control, and to 

discover whether any lesions would result from the use of this 

small amount of pathogenic dust. 

periments were set up as follows :- 
Group I 	30 mg. anthracite coal. 

Group II - 30 mg. anthracite coal + 1 mg. tridymite. 
Group III - 30 mg. bituminous coal. 

Group IV - 30 mg. bituminous coal 1 mg. tridymite 

Group V 	1 mg. tridymite 

DescriDtion of SamDlea 

Ari,nracite coal - A low ash fraction of anthracite coal from 

Llandebie Colliery, South Wales, was turbine-ground and a 

fraction below 10,11 separated by air elutriation (roller 

apparatus). Starting with this material, a fraction below 

2 ,u was prepared by centrifuging in water after adding 

sufficient teepol detergent to make the coal wettable. 	The 

material below 2,u equivalent diameter was spun down by pro-
longed centrifuging , boiled with water to remove as much of 
the teepol as ,ossible, and finally dried. 

The particle size distribution of the dust and the 
chemical data are given in Table 1. 
Bituminous coal - A sample of dust below 2,u diameter was 

prepared by applying the above technique to a sample of 

bituminous coal from Haig Pit, Cumberland. 

The size distribution of the dust and other data 

are in Table 1. 



A4xuis ApD PART1CLL SIh 	DISTRIBUTION OF 
Aahac.L____k_LL 	171;Agy.LCSA14___a_RIDYM 

0 4) 	4:41-TJ 

Anthracite Bituminous Xridymite 
ze 

in LL 	Per Cent 
by 

Per Cent 
by Lass 

Per (kit 	Per Cent 	Per Cent 
by 	o. 	by Lass 	14 -o. 

Per Cent 
by lass 

0.32-U.45 	7.55 0.08 1L.5 0.7 
0.45.0.64 	17.30 u.53 4.4 0.37 2z.4 3.4 
0.64-0.9 	20.71 1.75 13.7 4.6 L.3 
0.9-1.3 	32.39 7.73 49.4 31.2 27.3 31.3 
1.3-1.3 	9.26 6.24 L3.9 43.4 6.2 20.7 
1.-2.6 	9.26 17.47 3.3 16.76 1.6 15.0 

1.46 7.8C 0.3 3.99 0.6 16.1 

3.6-5.1 	0.78 11.71 

5.1-7.2 	0.61 25.92 
7.2-10.2 	0.17 20,68 

Specific surface 1.9 3.9 2.3 

Silica content (o) 1.4 1.05 99.3 

Silica Solubility 
(m6/100 1.11.) 

al* lo.7 
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Tridymite - This sample below 2 was the same as the one 

used in the earlier experiments in this work (Section II), 
and was prepared as follows :- Synthetic tridymite was 

prepared by LI.. badger (iiorth Thames Gas Board Laboratory) 

from Lochaline sand with a flux. The flux was dissolved, 

after heating, by prolonged boiling with hydrochloric acid. 

The resulting tridymite was very -pure and a fraction below 2/u 

was prepared at the Safety in Mines liesearch Establishment, 

Sheffield, by sedimentation in water after grinding the 

material in an agate mortar. 

Table 1 shows the particle size distribution of 

the dust, together with other chewical data. 

Preparation of Dust SusDension5 for  Injection 

Anthracite and Bituminous Coal - Amounts of 0.75 g. anthracite 
and bituminous coal were weighed and transferred into screw- 

capped bottles and 24 ml. sterile physiological saline added 

to each. The suspensions were thoroughly shaken in a "Microid" 

flask-shaker for half and hour, autoclaved for 20 ruin. (15 lb. 

pressure) and I ml. sterile rat serum added to each bottle of 

suspension to help disperse and suspend the particles bettor. 

The final concentration of suspension was 30 mg. anthracite 

or bituminous coal per ml. 

Antnracite_plus  2ridymite 	Bituminous olus fridynite Mixtures:. 

O.') L. of anthracite and 0.75 g. bituminous coal were weibhod 
and each was mixed intimately with 0.025 be tridymite. 	The 

anthracite-tridymite and bituminous-tridymite mixtures were made 

up as before with 24 ml. sterile physiological saline and 1 ml. 



127 

sterile rat seruL, so that the final concentrations were 30 mg. 

anthracite or bituminous coal and 1 mg, tridymite per nil. of 
suspension. 

TridYmite  - 25 mg. of °L,ridy,Lite were weighed and the suspension 

made up as previously described with 25 ml. sterile physiological 

saline, so that the concetration of dust was 1 mg, per ml. of 

suspension. 

ALL Ls  

13 male rats were used in each of the five groups. 

They were black and white hooded rats of the iedical Research 

Council strain and were of average weight 250 

HaperinentA,1,Technigue 
The animals were lightly anaesthetized with ether 

and the dust suspensions injected ia6ratracheally via the 
mouth, following the technique of Kettle and Hilton (1930, 
modified by King et al (1953 (b) ), a detailed description of 
which has been given earlier in this work. 

Duration of .;x-seriments  

Several animals from the various groups died 

spontaneously due to intercurreat iafocticia. 	Two animals 

from each group were killed at 90, 130, 2.401  300 and 330 days; 
all surviving animals were killed at 350 days. histological 

examination of the lungs was made in all cases. 

Riato-pathological Technique  

Routine post-mortem examinations were carried out 

on all animals which were killed, as well as on those which 
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died spontaneously. 	10,/0 Formol-saline was injected into the 

lungs before opening the thoracic cavity in animals which were 

killed, while in those found dead the lungs were distended with 

fixative after their re.:_oval froi,i the thoracic cavity. 

After preliminary fixation blocks were selected 

through the long axes of both lungs at the level of the hilum, 

to include the hilar lymph nodes, for histological sections. 

Llocks were embedded in paraffin and sectioned at :),u, as 

described in detail earlier. Jeriai 	were stained 

with haematoxylin and eosin, anu by uordon 	nwects' (1A(;), 

silver impregnation method; micro-inciaerat-on was also carried 

out to study the distribution of dust in the lesions. 

HISLTO-eATHOLOGICAA., F Ii Ik GS  

The lungs of some of the animals which died 

spontaneously were found to be infected, there being evidence 

of bronchiectasis and broncho-pneumonic consolidation in most 

cases. Such lungs were not included among those used for the 

assessment of fibrosis produced by dust. 

Sections from the lungs were examined microscopically 

and the pulmonary fibrosis seen in the most advanced lesions 

in each case was graded into one of five grades as described 

by Belt and iiing (1945), details of which have been given 

earlier. 	The pathological gradings so obtained, together 

with the number of days of survival of the animals and the mode 

of their death have been summarized in Table 2. 
Gross Appearances of the Lungs  

Tile macroscopic appearances of th0 lungs of animals 



:ZAB.P  
SUMMARY OF PATHOLOGICAL C4A4GES IA THE LUNGS OF HATS. 

yRODUCED BY COAL 41D 4..VkataAkitiL11.SAPIAALIAt 
•••••=.1.110.- 

Days of 
Survival 

Anthracite 30mg. Anthracite 30 mg. 
Tridymite lm;. 

Bitumi  nous 30mg. Dituminous 30 ig. 
Tridymite 1 mg. Tridy_ite lmg. 

Mo(kof 
death 

Grade of 
Fibrosis 

Mode of 
death 

Grade of 
Fibrosis 

-ode of 
ueath 

Grade of 
Fibrosis 

Mode of 
death 

Grade of 
Fibrosis 

Modeof Grade of 
death 	FUNosis 

1-90 D(2) - D(2) - D(3) - 'I) 	(1) - 

1-(2)* 0 i,_(2)+ 1 Lin (2)' 0 K(2)+  1 K (2) 0 

91-130 D(4) - D(1) . D(1) - 
K(2) 0 4(2) 1 K(3) 0 K(2) 1 K(2) 0 

181-240 D(1) - D(1) - 

K(3) 0 ,(2)+  K(2) 0 K(2) 2 Min K(2) 0 

241-300 J(1; - 
K(2) C :,(2) 2 K(2) 0 X(2)+  2 4(2) 0 

301-350 K(C) C 1)(1) - D(1) - 
(1) 2 i“t3) 0 1“5) 2 K(9) 0 

+ Sections from the lungs of these animals are reproduced in the fiures 
D = Died spontaneously; K = killed; 
Min. = Minimal within the stated grade. 
Numbers ( ) indicate the number of animals found dead or Ailed during that period. 
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injected with anthracite and bituminous coal were similar. 

The lungs of the animals injected with the anthracite-tridrmite 

and bitubdnous-tridymite mixtures resembled each other very 

closely macroscopically. Renee they are described together. 

Anthracite  coal 10  „4.  BiONApoup coal 	- In both these 

groups, the lungs at 90 days showed collections of dust 

distributed diffusely throughout the surfaces. By 130 days 

these collections seemed to be denser, and there were no 

further changes either at 300 or 350 days. 

The hilar lymph nodes were enlarged and black. 

Anthracit;e,  qo 	 0201 + Tridymite -

The lungs of animals killed at 90 days in each group showed 

diffuse deposits of coal dust on the surface. 	At 1L.:0 days 

the collections ware larger and small white areas 2 - 3 lam. 
in diameter were seen associated with them. No other ohaages, 
beyond a few pleural adhesions, were visible macroscopically 

from this time till 3 5u uays. 
The hilar nodes were somewhat enlarged and black. 

Ily),dymite 1 mA. - In a few eases, small, discrete,white areas 

were seen scattered _ver both lung surfaces from 90 days 

onwards, while in the _aajority of cases no macroscopic changes 

were noticed at any period. 

The hilar lymph nodes were enlarged and firm in all 

cases. 

hie 'o 	Appearances  

The lesioas i roduced in the lungs by anthracite 

and bitu—iious coal did not show any differences histologically. 
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The lesions produced by the mixtures of coal and tridymite 

were also similar, but they were more advanced than those due 

to the coal alone. 

,teaLrpsite coal "10 14e. - At 90 days the lungs showed some 
dust lying free in the alveoli, but most of it was collected 

together in the form of irregular nodules situated peri-

vascularly. On reticulin staining, there was no evidence of 
fibrosis (Fig. 1). A mild degree of emphysema was present 

around the nodules and there was hyperplasia of the iferi-

bronchial lymphoid tissues with dust in them. From this tine 

till 350 days there was no change in the lesions except for 

the dust collections becoming more compact. 10 fibrosis was 

seen at any stage. 

The hilar ly,,,ph nodes revealed the presence of much 

dust from 90 days onwards without any fibrosis. 

Anthracite 	 - The lungs examined 

at. 90 days showed ,lost of the dust collected into irregular, 

eodular lesions which were cellular and mainly perivascular. 

A few were sub,Aeurali A mild degree of focal emphysema was 

pfesent. 	The lesions, on reticulin staining ,appeared to have 

within them a few loose reticulin fibres (grade 1 fibrosis, 

miniiaal. Fig. 2). Marked peribronchial fibrosis was seen. 
By 180 days the dust lesions were more compact and the 

reticulin fibres were thicker (grade 1 fibrosis). 	At 240 days 
there were many irre_ular, discrete nodules with thick and 

compact reticulin (graee 2 fibrosis. Fig.3), and by 300 days 
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the lesions had proLressed very little, still being within the 

maximal limits of grade 2 fibrosis. 	significant changes 

beyond those found at 300 days, were observed at 350 days. 
The hilar lymph nodes showed mild reticulibosis 

at 300 days and 350 days. 

Bituminous Coal 	pg. - The lesions at 90 days were 

essentially the same as those produced by the same amount of 

anthracite coal in the lungs - irregular collections of dust 

without the presence of any fibrosis (Fig. 4), and with mild 

emphysema. 	The lesions remained so till 350 days. 
There were collections of dust in the hilar 

nodos, but no fibrosis. 

Bitainous Vol 10 mg. + Tridymite I ;Age . At 90 days a small 

amount of dust was seen lying free in the lung alveoli, but 

the greater part of it was in focal aggregations situated 

perivascularly. A loose network of fihe reticulin fibrils 

was demonstrable within the lesions (grade 1 fibrosis. Fig. 5). 
There was marked ieribronchial fibrosis and some emphysema. yo 
further progress was seen till 2+0 days when the nodules 

appeared to be more compact with thick reticulin fibres (grade 
2 fibrosis, minimal). The lesions remained within the limits 

of grade 	fibrosis at 300 days (Fig. 6), and were ao different 
at 350 days when the experiment was terminated. 

Mild reticulinosis of the hilar lymph node was 

seen at 300 days and 350 days. 

Tridymite 1 	- The lungs of several animals in this group 

were found, on histological examination, to be the seat of 



133 

spontaneous bronchiectatic lesions with chronic interstitial 

pneumonia. At 90 days a very occasional focal aggregation 

of dust cells was seen in the lanes, but there was no evience 

of fibrosis. By 180 days some peribronchial fibrosis was found. 

There was no fibrosis in the few dust cell collections seen, 

although in areas where such lesions were associated with 

broachiectatic changes some fibrosis with the development of 

collagen fibres was evident. Apart from this, no fibrosis 

was present in tile Junes at 306 days or 350 days. 

The hilar lymph node contained some dust at 'A) days, 

and by 300 days, there were definite lesions which, on 

reticulin staining, revealed the presence of a loose network 

of thick reticulin fibres (grade 1 fibrosis maximal. 2ig. 7)) 

whereas the lungs at this same period revealed no lesions 

(Vig4 8) • The lesions in the lymph nodes did not aavance 

eeyonu the limits of grade 1 fibrosis at 350 mays. 

PISCUI014 

The results of these experiments confind the earliei 

findings that anthracite and bituminous coal do not produce 

any lesions in the lungs of rats. 	The very pathogenic tridymite 

dust also failed to produce fibrosis when used in 1 mg. doses. 

The histological lesions in this case, however, were difficult 

to assess, since they were complicated by the presence of 

spontaneous pulmonary infection, when some of the lesions were 
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found to contain suff1010141 collagen to be classified as 

fibrosis of grade 3 severity, nevertheless, la uncomplicated 

cases no lesions were produced in the lungs by this amount of 

tridymite, although in the hilar lymph nodes it produced grade 

1.  fibrosis by 300 days and 350 days. This is probably due 

to this small  amount of dust being removed from the lungs to 

the lymph nodes without the occurrence of pulmonary fibrosis. 

Ray, King and Harrison (1951 (a) ), obtained similar results 

using mg. of quartz. When tht sane quantity of tridymite 

(1 mg.) was injected together with anthracite and bituminous 

coal in 30 mg. doses, definite pulmonary lesions were produced, 

there being reticulin fibrosis of grade 1 severity at 90 days, 
reaching an early grade 2 by 240 days in both groups. The 

lesions advanced only very slightly beyond this stage, 

remaining within the maximAl  limits of grade 2 at 300 and 350 

days. It is likely that the inert coal retards the movement 

of tridymite in the lymphatics, causing it to be retained in 

the lungs where it exerts a toxic action, producing fibrosis. 

These results compare favourably with those of Belt and sing 

(1945) who observed grade 4 fibrosis in 365 days, when a much 

higher percentage (20A) of quartz was used with nine dust, and 

of Ray, Zang and Harrison (191 (c) ) in which 2 mg. of quartz 

and 9. mg. of pure coal were found to produce grade 3 fibrosis. 
iii ..such smaller amounts of tridymite (1 mg.) and coal (30 mg.) 

used in these experiments produced grade 2 fibrosis when 

injected in combination. The behaviour of anthracite and 
bituminous coal whether used with tridymite or alone appears to 



be identical as far as pulmonary lesions are concerned. 'Adore- 

over, coal 	not act as an antidotal dust when used with 

free silica, On the other hand the two dusts appear to 
enhance the lesions produced by each other. 

*'iU1,-11111  

fhe tissue reactions produced in the lungs of rats 
by sai1 amounts of antAracite and bituminous coal when mixed 

with a salter a,..ount of tridymite were studied, along with 

the reaction to the same quantities of coal and tridymite alone. 

Anthracite and bituminous coal by themselves did not produce 

any lesions in the lungs or hilar lymph nodes up to 350 days. 

1 mg, of tridymite produced grade 1 fibrosis in the hilar 

lymph nodes but no lesions in the luns. the mixtures of 

anthracite coal and tridymite, and bituminous coal and 

tridymite,produced lesions of grade '4 fibrosis in the lungs. 

Presumably,small amoun,,s of tridymite are eliminated easily 

from the lungs, but when introduced together with coal the 
tridymite 

movement of/dust through the lymphatics is retarded ,with 
consequent retention of tridymite in the lungs where fibrosis 

Occurs, 
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Fig. I. Rat lung, 90 days after the injection of 
3u mg. anthracite coal. Dui-,t gathered into compact 
nodules without any fibrosis. Silver impregnation. 
(X. 120). 



Section III. 

I. 

Fig. 2. Rat lung, 93 days after the injection of 
30 mg. anthraate coal and 1 mg. tridymite. Shows 
nodular dust collections with a few fine reticulin 
fibres arranged loosely (grade I fibrosis, minims'). 
Silver impregnation. (X. 120). 
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Pig. 3. Rat lung, 240 days after injection of 30 mg. 
anthracite coal and I mg. tridymite. Nodular lesions 
tightly packed with dust and thick reticulin fibres, 
(grade 2 fibrosis, minimal). Silver impregnation. (A.160). 



6ection III. 

Pig. 4. Rat lung, 90 days after injection of 30 mg. 
bituminous coal. nes' accumulations Of duet without 
any fibrosis. Silver impregnation. (X. 120). 



lotion III. 

Fig. 5. ii:at lung, 90 days after injection of 30 mg. 
bituminous coal and 1 mg. tridymite. Nodular lesions 
composed of dust with a loose network of reticulin 
fibres (grade J. fibrosis). Silver impregnation. (K.120). 



Section III. 

Pig. 6. Rat lung, 300 days after injection of 30 rig. 
bituminous coal and I mg. tridymite. Shows a dust 
lesion adjacent to a blood vessel, and containing thick 
and cJmpact zeticulin with some collagen (grade 2 fibrosis). 
Silver impregnation. (X. 160). 
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~'i g . 7. Hi l er l ymp h node of rat , 3 00 d ays after t n j e c t i.on
of 1 mg . tri dymi t e . T,6 S i ol , S ahow a l oos e ne t wo r-k of th i ck
re ti c ( I.i n f i b r os ( ~r8de 1 f i b r os i s max i un}, ~1i lvc r
i mp r e gn a t i on (X. I t>O ) .



Section III. 

Fig. 8. Lung field from same rqz as in Fig. 7. 
There are no dust collections and there is no fibrosis. 
Silver impregnation. CK. 120). 



8'04 S2 ION IV 



_IV 

136 

Th:6 -1,e;;XT 

FIBfiO313 IN T 	RATS 

The inhibitory action of cortisone and A.C.T.H. on 

proliferating connective tissue is well-known. 	In hur:an 

beings, alterations in cellular and fibrous tissue reactions 

due to cortisone oave been reported by Freer:an, Hershing, 

ang end Jmith (1950), while Cavalier°, Sala, Aznira and Borasi 

(1951) deronstratA similar changes in the livers of rats 

treated with carbon tetrachloride. 

Several workers have investigated the effects of 

cortisone on the . prodnction of granulation tissue in anirals 

by means of short-ter r experiments. 	'Ragan, Uowes, Plotz, 

eyer and Blunt (1949) found tiat cortisone caused a. delay in 

the formation of all the elerents of connective tissue in 

experimentally-prouced wounds in rabbits. 	Similar results 

9ere obtained in mice by jpain, 14olomut and .41ber (1950), whose 

experixents showed that cortisone inhibited th formation, of 

granulation tissue wLen administered in the early stages of 

initiation of th. repair stiulus, but did not have any effect 

on existitv granulation tissue. 	l3angharn (19b1) concluded 

Lrow his studies on the effect of cortisone on the rate of 

wound hcaling in animals, that it reduced the amount of granu-

lation tissue formed in rats and rabbits, but had no effect in 

guinea-pigs. 	There was no clualitative difference between. 

the granulation tissue oL treated and untreated animals in the 

case of rats ant: rabbits. 
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studies on the effects of cortisone on the phago- 

cytic action of t 	reticule-endothelial system have been 

carried out by 3pain, :olomut and naber (1950) by the intro-

duction of carbon particles into the peritoneal cavity of mice, 

and by Policard and Tuchmann-Dupleseis (1951) with silica 

particles in the peritoneum of rats. 	In both these experiments 

the migration of dust-laden phagocytes was found to be retarded 

by cortisone. 	Harrison, Ying, Dale and Jionel (1952). found a 

similar state of a:fairs in the lungs of rats after injection of 

euartz. 	Cueran (1953), on the other hand, concluded from his 

experiments on the effect of cortisone on quartz nodules in the 

pnritoneum of mice, that cortisone delayed the phagocytosis of 

free 	st, this being due to t 	suppression of the cellular 

exudate. 

The fibrogenic properties of quartz have lent them-

selves to tne study of certain nspects of the action of cortisone. 

Vagarey and Gough (19b2(a) ) studied the effect of cortisone on 

developing silicotic fibrous tissue produced by the introduction 

of finely powdered quartz into the peritoneuir of mice, rats, 

rabbits and guinea-nige. 	They found that cortisone prevented 

the development of Vibrous silicotic nodules in mice, leaving 

collections of nuartz free in the pertoneum; altered the fibrous 

tissue in tne noJules both qualitatively and nuantitatively in 

rats; in rabbits fibrosis in. the nodul.s was diminished, but a 

more diffuse reaction was present, while it had no appreciable 

effect in guinea-pigs.• Curran (1952) found that cortisone 

modified the reaction of the mouse p, ritoneum to nuartz. 
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Phagocytosis was .,elayed and tiu dispersal of *tx: dust Was 

more mared, so that the dust collections Were smaller. 	In 

spite of this, fibrogeneels was unaffected both in its time of 

onset and rate of progress. 

In contras to these experiments, which deal with the 

effects of cotioone on silicotic fibrous tissue in the peritoneum, 

is the work of Harrison, eing, Dale and Jichel (1952), who 

investigated the action ef cortisone on developing fibrous tissue 

in the lungs oi' rats produced by intratracheol injection of euartz 

particles. 	Aheir main findings eere that cortisone interfered 

with the mlgration of duet-laden phagocytes in the lung, where 

they remained dicfuse..y distributed within alveoli, instead of 

aggregating to form discrete noduls. 	(ortisone also nodified 

the development of pulmonary siA.cotic nodal s in amount and 

distribution, but did not significantly alter the maturation of 

fibrous tissue erom reticulin to collagen. 

In uman beings, cortisone has been reported to exert 

beneficial effects in conditions characterized by long-standing 

fibrosis, such as scleroderma, and in certain so-called mesen- 

chyOal diseases, mach es rheumatic fever, lupus erythematosus 
Smith 

(hench, locumb, harnes,/olley and Kendall, 1949; Howard, 1949). 

In addition, eennedy, Pare, Pump, "Beck, Johnson, 	Venning 

and Browne (1951) claim to have treated a case of pulmonary 

silicosis with some clinical improvement in the patient's 

condition, although this mis not sueported by the -ray findings. 

These reports and the findings of certain swrkers that cortisone 

iouified the development of quartz-induced fibrosis, led to 
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investiations of the effect of cortisone on established 

siliootic fibrosis. 	Curran (1c.52) showed that cortisone had 

no effect on existing ealicotic lesions in the eeritoneum of 

mice, while Magarey and Gough (1952(b) ), working with rabbits, 

were unable to find any reduction of mature fibrous tissue in 

intraperitoneal silicotic nodules as a result of cortisone 

treatment. 	They were, however, able to find histological 

evidence which suggested that the administration of cortisone 

retarded the further proliferation of fibroblasts, with conse- 

quent retardation of concentric fibrosis in the nodules. 	Pre-

formed collagen reetained unaltered. 

From the foregoing facts it is concluded that 

cortisone has a modifying effect on developing sillootio fibrosis 
in the peritoneum on0  lungs of experimental animals, while its 

action on established silicotic fibrosis in the eeritoneum is 
less definite. 	It seemed desirable, therefore, to study the 

effect of cortisow: on established silicotic fibresis in. the 

lungs of rats, with particular reference to the eistologicni 

picture as well as to the collagen and silica content of the 

lungs. 

plan of experifeent  

36 rats were given intratracheal injections of 

quartz dust (50 mg)'in order to produce silicotic fibeosis in 

their lungs. 	A sufficient period of time (100 days) was 

allowed for Vic formation of fully-developed collagenous 

nodules, after which cortisone was administered to some of 

the animals. 	3 animals having been lost by cannibalism, tic 
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remaining 33 were divided into two groups; the first group of 

11 animals served as controls and received no further treatment, 

while the 22 animals in the second group were Elven subcutaneous 

injections of cortisone acetate suspension over a period of 

265 days. 	The amount given was 5 re. three times a week. 

nimals from both groups were killed at regular intervals and 

careful histological examinations of the lungs carried out. 

Further, the collagen and silica content of the lungs and lymph 

nodes of the anim'ls in the two gro-ps were estimated chemically. 

Description of Jamples  

The dust used was powderee euartz "Snowit II". 	The 

sample was erepared by mixing two nreviously prepared ;'ractions 

from Belgian glass sand. 	2/3 by weight of a fraction o-e 

nominal. diameter 1-2p, was mixed with 113 	a fraction e.5-37u 

in diameter. 	The resulting size distribution and the data 

obtained from chemical analyses are shown in Table 1. 

Figure 1 shows the electron icroe:reph of the dust. 

The cortisone acetate suspension used in this work 

was a preparation Crow 1,erek 	Co. inc. 

Preparation of the Dust Juspension  

2.5 g. of the quartz dust was weigh d into a screw 

cap bottle and 50 ml sterile physiological saline added to it. 

The suspension was thoroughly shaken, autoclaved for 20 mins. 

at 15 lbs. pressure and was kept shaking in n !irroid flasle-shaller 

till th the of injection. 	Thefinal concentration of dust 

was 50 mg./ml. of physiological saline, and was the amount 

injected into each animal. 
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Ta$1.4 1 

ARTICLE 4/42, DISTRIBUTION AND ANALY3IS OF , TARTZ DUST  

USED FOR INTRATRAaUAL 	CTIOP  

Size in p Per cent 	by I.To. 1.er ccnt by mass 

0.32 - 	41,5 

0.45 - 0.64 1,9 1.5 

0.64 - 0.9 rjr 38.2 7.9 

0.9- 1.30 16.8 ,;.6 

1.3 	- 1.8 12.3 0 

1.8 	- 2.6 9.5 43.7 

2.6 	- 3.6 1.3 17.1 
...m•Mam•••••••••••••.....1•••••••••••••••••111.0 0 

Specific surface 1.8 
m2/g. 

Si02 (%) 98..? 

Ignition loss (%) 
	

0.17 

Silica solubility 	3.9 
(310mg/100 ml.) 
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Animals  

36 male ,block and wl'ite hooded rats from the 

:edical Research Council strain were used. 	Their averege 

weight was 2U0 g, 

experimental rodedure 

The animnls were lightly anaesthetized eith ether 

and the dust suspension injected intratracheally vie the 

mouth, according to the tec-nieue 01' mettle and hilton (1932), 

modified by King et al (1953(b) ), a detailed description of 

whice eill be found earlier in teis thesis. 	There was no 

regurgitation of dust and no ir celiate post-operative deaths 

occurred. 

duration of _eziperiments 

Cortisone injections were commenced 100 days after 

the injection of quartz in t e group of test anieals. 	They 

were continued for, 265 days (5 mg. three times a week). 	The 

animals were reighed at weekly intervals and t c weights of 

bot 	roups recorded. 

A pair of animals - one from eace groue - were killed 

at t'ortnirhtly interv- ls in the early stne;cs of the experiment. 

()wine to n number of oeaths occurring in the eroup of cortisone-

treated animals, the intervals at which the killings mere done 

had to be adjusted in order to extend the experimenh over a 

sufficient period of time and to obtain equal days of su..vival 

in both groups. 	The experiment was concluded 365 days after 

t_c injection of quartz. 
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eISTO-PATEOLCOICAL TEChNIZE 

Routine post-morteths were carried out on the 

animals that were ;A•lied and on those found dead. 	Their 

lungs were removed and fixed in 10% formol saline as previonsly 

describ€d. 	The trachea-bronchial lymph nodes eere dissected 

out, weighed and fixed separately. 	Blocks were taken along 

the 4_ong axes of both lungs through the hila, dehydrated and 

embedded in paraffin wax. 	Jerial sections, 5,4 in thickness, 

et-e taken from these blocks in all cases and stained by Gordon 

and sweet's, (1936) silver imnregnation method for reticulin, 

end with 	haematoxylin and eosin. 	An unstained 

serial section was subjected to micro-incineration in each case, 

and then washed in concentrated hCl and dry-rounted. 

Chemical _ethods  

destinations of tne collagen and J102 content of the 

lungs an, lymph nodes from the cortisone-treated and control 

rats were carried out, 	he lungs and lymph nodes were bulked 

separately into three groups as follows 	tissues from animals 

killed up to 190 days; from 101-330 days and :rom'431-3C5 days 

in each group. 

1-reparation of lungs and lyvph nodes: The tracheo-bronchial 

lymph nodes were separated from the fixed lung ti-sues and 

the lungs and nodes dri, d, bulked (as above) and weighed. 

The r(n.ainner of tee blocks from th lungs taken for sectioning 

wer de4mmedand the dried tissue added to the respective groups. 

The bulked lungs were finally ground. 

stimation of Jilica: 	A sample of material (containing about 
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10 mg. 6102 ) in a glass ceatrifu e tube was ached for 12 houls 

at 3200  and then for a fu.tner 12 hours at 4800. 	The ash 

was repeatedly extracted with warm 2t1 DC1 on a boiling water 

bath, and the residue finally extracted by agitation with cold 

2L ijel. 	The residue (3102) was weighed after drying at 15°. 

estimation of Collagen: 	'at vas extracted with ether from a 	1.70mR. 

sapie of dried ground lung in a graduated hard glass test gibe. 

nil. water were gadded to the rixture, autoclaved at 3 lb. 

pressure for e hours, water added to 1D mi. and t.:e tube heated 

for 15 minutes on a water bath. 	The mixture was centrifuged 

and filtered, and to a. knoan volume of filtrate was added an 

equal volume of 1v CC13COOH and the mixture filtered after 

standing for 1 hour. 	A measured volume (5 ml.) of filtrate 

was transferred to a beaker and evaporated to dryness on a 

water bath. 	The residue was then taken up in 2 ml. 6N HC1, 

washed with 4 ml. acid intoA hard A glass test tube, sealed and 

autoclaved for 4 hours at 40 lb. pressure. 	The contents of 

the tube were made up to 10 ml. with GN HC1, shaken with char-

coal, filtered and a sample of this hydrolysate, after neutral-. 

ization with 6N NaOH and further dilution k,/ith n neutral 

solution of 6N NaCH and '3N HClo was used for the estimation of 

hydroxyproline following the method of Neuman and Loan (195a). 

The collagen content was calculated from the figures obtained 

for hydroxyeroline. 
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PATEGleGICAL FINDINGS 

The experimental animals received cortisone 

injections or varying periods extending up to 265 days. 21 

Bays after the commencement of the injections, t e animals 

Showed signs of moulting and bare patches appeared at the 

site of the injections. 	These patches became larger as the 

experiment proeressed. 	Duriag tie first 4:. days, the cortisone- 

treated animals lost weiht steadily. 	The protein content in 

their diet was then increased and a slight improvement was 

noticed. 	Towards the end of the experiment they lost weight 

considerably, particularly during the last 56 days. 	The effect 

of tee cortisone on the average hroup weight is shown in the 

graph. 

Amongst the 11 control animals there was one 

spontaneous death due to infection, chile 9 animals from the 

cortisone-treated group died from infection. 	This is 

statistically significant and may be regarded as a result of 

cortisone hreatment. 	The animals which died spontaneously, 

and whose lungs were found to be infected, were not used for 

histological comparison. 	hillings of animals from the two 

groups were adjusted as fax as possible to obtain equal days 

of survival in both. 	The duration of the experiment, the days 

of survival of the animals, their mode of death and the patho-

logical erading of the lesions produced in their lungst as 

assessed according to :Belt and A.ng (1945), have been summar- 

ized in Tablc. 2. 	The details of the histological gradinc of 

lesions have been described earlier. 
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TA.F31,E 2  

ASSESWENT OF VIBROSIS IN Ta, LUNGS liONY HATS INJECTED WITH 

jJARTL p1J4T ALONE ikND ,NARTZ, DUST F0LL010 BY CORTISONE TREATkz,NT  

Days of Survival 
Control 	Cortisone-treated 

Lode of 	Grade of 	ode of 	Grade of 
Death 	A.bro:As'L)enth 	Fibrosis 

122 1) 

123 K 4 L 4 

if.4 	- 	150 K 5 1(.: 5 

D(4) 

D 5 

151 - 2cA) D 5 D 5 

D(4) - 

201 - 230 K 5 K 5 

231 - 300 L 4. L K+ 5 

D 5 

D . 

3(1 - 33, , f.-; t., K(2) 5 

331 - 361) kfl-li 5 :,(4) 5 
•••••••••• ••01111111. 

4. 	Section from these animals are reproduced in the figures. 

= Killed; D 2  Dead; Numbers ( ) indicate the number of 
animals I:Med or found dead at that 
period. 
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The collagen content of the ungs from the control 

animals and cortisone-treated animals is shown in Table 3; 

the silica content of lungs and lymph nones from the animals 

of the two groups is in Table 4. 

,acroscopic ApPearances of the Juhp  

On macroscopic examination there was very little 

difference between the lungs of the control animals and those 

which had received cortisone. 

control nuartz dust. 	The a sions in the lunes were similar 

to those found previously in cases of quartz-induced fibrosis. 

At 120 nays both lungs showe, firm, white areas of fibrosis, 

appeared to be runnino: Log ther in certain areas. 	Ty 

150 days there were large areas of confluent fibrosis in the 

right lung, while t 	fibrosis was mainly natchy in the laft 

lung. 	At 230 days the greater Parts of both lungs were 

replaced by white, fibrous areas which were confluent. 	TOM 

tnis period till the end of the experiment at 3a; days, the 

naked-eye appearanc s of the lung were similar to those at 

230 das, excent for the fact t at the amount of fibrosis in the 

lungs steadily increased. 	The lymph nodes were enlarged and 

firm from the first (ln3 days) and gradunlly enlar5ied further 

to several times normal us the experimHnt nrogressed. 

(;ortisone-treated anianls: 	At 123 days t ere were firm, white 

areas of fibrosis in both lungs. They were mainly patchy, but 

showed a teneency to become confluent dorsally in some areas. 

Th: confluent areas had increased in size by 150 days and at 

230 days most of the ri -ht lung slowed areas of confluent 

fibrosis, while the left lung had a few discrete patches of 



No. of Rats 
-leriod of 	in Group 

Time (Days) 	analyzed 
CONTROL 	 cocci soNE 

axtrol or tisune 	rat 'I, dry baats mg/rat 	dry basis 

LUNG caLLAGhs 
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TADLF. 5  

COLT.. AGF,T:' CONTENT C.',7"." • t1NG9 ( T, 	' 

190 3 5 190 16 130 11 

330 3 5 260 19 190 10 

365 3 4 300 23 300 16 



TABL1:, + 

SiOp (ms/rat)  in  lun;s, 1441 ilands and lungs + lymph glands 

NO, of Rats 
Period of 	in Croup 
Time (Days) cajait „brumiiie  

190 	3 	5 

330 	3 	5 ; 

3615 	3 	2+ 

weight of SiO (mg.) in 
LUNGS 
	

LYPH GLANDS 	LUNG + GLANDS 
Uuntml. -;tortri,sxe Coatrol Cortisone Cotanot Cortisone 

28 23 4.3 2.7 32 31 

19 23 6.5 4.0 26 27 
21.,:, L... 8.4 3.2 29 29 
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fibrosis. 	After this, the fibrosis seemed to incrense as 

judged by the confluent areas seen macroscopically, and by 

3e5 days most of the lung tissue was replaced by fibrous areas. 

The tracheo-bronchial lymph nods were slightly enlarged and 

firm; but, although they were larger t!ioln the lymph nodes of 

normal rats, were not as Large es those found in the group 

of animals which had been injected rith ouartz dust without 

subsequent cortisone treatment. 

A.croscopic Appearances  

The pulvionary lesions in the nnirnls which had 

quartz dust only and those which had subset 	cortisone 

treatTeent revealed no significant differences as far as the 

maturity of the fibrosis, as denoted by the system of grading 

used, was concerned. - But wren paired lung sections from the 

two groups (animals killed at the same time) were examined with 

the aid of a hand lens, there was a definite difference in the 

area of lure:: tissue involved by the fibrous nrocess. 	In the 

cortisone-treated seine is, the arEa of lung involvement appeared 

to ee less than in the controls. 

Control euartz dust group: The earliest sections exaeined were 

at l2 days, when the lungs showed numerous nodular foci of 

fibrosis, typical of the lesions which euartz has been known 

to produce. 	The lesions were, for the most part, acellular 

at the centre, with some cellularity at t;e neriphery. 	On 

reticulin staining, they were seen to be corposed entirely of 

compact collagen fibres (Grade 4 fibrosis). 	A few nodules 

shoved a tendency to become confluent, but the majority were 

discrete. 	The fibrous erocess involved approximately 1/3 
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of the left lune 	and 	of the rteht one. 	By 150 days 

the lesions were confluent, acellular and collagenous (Grade 5 

fibrosis). 	i.ung involvement was about i the area of both 

lung fields. 	At 230 days, the histological picture was 

essentially the same as at 1b0 days, with about 2/3 of the 

left lung field and 	of the right one replaced by confluent 

fibrotic lesions. 	From this period onwards the area of lung, 

tissue involved increased, and at 300 days shout -1.- of both 

lung fields were replaced by confluent, acellular, fully 

collagenous lesions (Grade 5 fibrosis. 	2 and 3). 	A fee 

patent alveoli and some new-formed blood vessels :ere seen 

within the confluent areas. 	There was no further change in 

ehe lesions from this period till the termination of the 

experiment at 365 days. 	The lungs of the four anieals nilled 

at his stage showed almost total replacement of normal lung 

tissue by fibrosis. 

Gortisone-treated group: 	The histological appearances of the 

lune,s at le'e days were similar to those in the control animals. 

There were numerous nodular lesions throughout the lungs, 

involving about - the area of the right lung fieldania little 

over 1/3 of the left lune. 	The lesions were discrete, mainly 

acellular, with cellularity only at the neriphery, and on 

reticlin staining were culpictely collagenous (Grade 4 fibros 	• 

150 days many of tne lesioee were confluent, acellular 

and fully collaeenous (Grade 5), but the area of lung involved 

was about the same as at 123 days. 	The eesions at 230 days 

were no dieferent to those at 150 days. 	By 300 days, 2/3 of 

the area of tee right lung field and 1/3 of the left were 
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replaced by confluent, acellular, collagenous nodules (Grade 5 

fibrosis. 	Jigs. 4 and 5). 	oin occasional discrete nodule 

%as seen in some areas. 	-Athin the confluent fibrous 1 sions, 

a few patent alveoli were seen. 	At 365 days, the lesions 

were similar but the areas of lung involved were anr)roxi ately 

i-2/3 in one lung field and 2/3-3/4 of the other. 

Acsults of Chemical Analyses  

Collagen: The colia,ren content of bulked lun,.s fror the 

animals which were injected with quartz dust ',lone was higher 

than that from the luna or qnimals which were treated with 

cortisone subsequently. 	The difference was z ore warked in 

the earlier stages of the exneriment (Table 3). 

Silica - Lungs: There as l as silica in the lun,-;s of the 

control animnis than in the cortisone-treated animals in the 

later stages of the experiment. 	The difference was not very 

outstanding but it was significant (Table 4). 

Lymph fqodes: the tracheo-bronchial nodes from the control 

series of ani,  : is contained more silica than the nodes from 

the cortisone-treated animals at all stn'es. 

The differences in collagen and shies content of 

lungs and lymph nodes between the two series of eni: als are 

arized in Tables 3 nd 4. 

DISCUSSION  

It has beenffound that cortisone has a modifying 

effect on developing silicotic nodules in the neritoneur of 

experimental animals (Curraps  1952; ::agarey and Gough, 1952(a)), 
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as well as in their lungs (Harrison, eing, Dale and Sichel, 

9.52). 	The effect of cortisone on established silicotic 

fibrosis in animals is rather different. 	nIgarey and Gough 

(1952(b) ) found that when, cortisone was administered to 

rabbits with fully-developed intraperitoneal silicotic nodules 

there was no effect on existent fibrous tissue, although 

histologically there was some evidence of retardaticr of further 

concentric fibrosis in the nodules durine the administration of 

cortisone. 

In the experiments under discussion, cortisone Was 

administered to rats 100 days after intraeracheal injection of 

quartz, when silicotic nodules would have been fully developed. 

The histoloeicel lesions studied 12 eays after the introduction 

of the dust - when one group of animals had had cortisone for 

23 days - were very similar in both the control and cortisone-

treated anieals, the pulmonary fibrosis beine assessed as 

grade 4, eith fully collagenous nodules. 	At the end of the 

expeeiwent, 285 days after the commencement of cortisone 

treatment, there was still no difference in the grade of 

fibrosis between the pulmonary lesions of the two groups, both 

exhibitine tee maximum ueeree of fibrosis. 	The maturity of 

tne fibrous tissue was in no eay affected. 	Lorphologically, 

the lesions in the control and cortisone-treated animals were 

identical; there were the same central collections of dust 

surrounded by dense collagen fibres. 	At the periphery of 

some lesions a few cells were seen, but t. is again was a 

coemon findine in. the two groups. 	Magarey and Gough (1952(b) )• 
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in their study of the effects of cortisone on intraperitoneal 

siiicotic nodules in rabbits, found histologically that There 

was a difference between the lesions in the controls and 

cortisone-treated animals. 	Igh :. lesions in the controls were 

composed of a central collection of dust surrounded by a dense 

layer of compact collagen, outsiee which vas s celluier fringe 

with many fibroblasts, swegestive of active fibrosis in prcrresse 

The lesions in the cortisone-treated aniNnls, on the other hand, 

were similar in all respects except for the absence of the 

cellular fringe, 1,7A.ch was replaced by diffuse, delicate, 

connective tissue with loosely-knit fibres and thin-walled blood 

vessels. 	Lagarey end Gough are of the opinion that the absence 

of the cellular fringe may be an indication of the retardation 

of further concentric fibrosis occurring wnile cortisone was 

being administered. 	Cortisone treatment did not produce 

similar histological chan es in quartz-induced pulmonary 

silicotic nodules in rats in these experiments, 

although there was no di:terence, histologically, 

in the maturity of tee fibrous tissue in the si.iicotic nodules 

of control rata and those treated with cortisone, there seemed 

to be a slight variation in the actual amount of lung tissue 

involved when paired sections ftnt the two Toups eere compared. 

The cortisone-treated animals shoeed somewhat less involvement 

of lung tissue by the fibrous erocess, as compared with 

untreated animals, particularly in the later stages of the 

experiment. 	This is supported by the chemical estimations of 

collagen in the lungs, which yielded higher values in the case 
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of untreated animals than in cortisone-treated ones. 	The 

histological and chemical findings are significant when viewed 

together, and suggest that although cortisone hes no effect 

on the quality of fibrous tissue, or on its maturity, it may 

affect the quantity formed. 	Iresamebly, the silicotic nodules 

which were present in the lungs at the time the cortisone treat-

ment eas commenced were modified in the moee of their extension, 

nithout actual resolution of the fibrous tissue taking place. 

It would seem, therefore, that cortisone does not cause the 

regression or lysis of collagenous silicotic nodules produced 

by quartz in the lungs of anisals. 	This has been the 

observation of other workers,tou. 	Curran (1952) found that 

cortisone did not have any lytic effect on mature silicotic 

nodules in the mouse peritoneum, while tarey and Gough (1952(b)) 

obtained similar results in rabbits. 

The differences in silica eecoveri(,s from tee lungs 

and lymph no es of the cortisone-treated and conrol animals 

are significant. 	There was more silice in the tunes of the 

cortisone-treated animals as compared with those of the controls, 

while the picture was reversed in the tracheo-bronchial lymph 

nodes. 	This suggests that cortisone inhibits the transport 

of silica from tee lungs to the lymph nodes, probably due to 

a retarded Lacrophage response or to dust particles not being 

readily phagocytosed. 	Cortisone has been found to retard the 

macrophage response in 'Ace (pain, olonut and .aber, 195)) 

and rats (Policard nnd Tuchmann-Duplessis, 19b1). 	garrison 

et al (19"'2) observed in their studies teat cortisone retarded 
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the mieration of dust-laden phagocytes in the lungs to such 

an extent as to alter the usual pattern of quartz-induced 

fibrosis. 	;tnalyses of these lungs for silica showed that 

there was much rore silica in them than in the lungs from their 

controls which had no cortisone treatment (Stacy and Bing, 

19e4). 

rom th-•se results it is evident that cortisone has 

no beneficial effects on puleonaxv silicosis in animals when 

edministered after the formation of eature silicotic nodules. 

earrison et al tlc b2) were unable to prevent the develeTment of 

quartz-indiced pu ronary fibrosis in rats by the administration 

of cortisone, even though the treatrerrt was cormenced almost 

with tee introduction of the fibrogenic agent and pushed to the 

li. it of tolerance. 

It does not seers justifiable to apply these findings 

to silicosis in euman beings, as different animals vary in 

their res once to coetisone and it is therefoee possibe that 

cortisone may affect the pulmonary fibroeis of human silicosis 

in a manner different from that in rats. 	Nevertheless, it 

seems unlikely that cortisone would 'eve any beneficial effect 

on human silicosis and this has been Found to be so by 'kennedy 

et al (1951) who were unable to detect any change in the lung 

fibrosist radiologically, in a silicotic pati nt treated with 

cortisone. 	Cortisone certainly A)es not sepear to have an 

appreciable e'fect on the mature fibrous lesions of silicosis 

in animals, whether it be in Their peritoneum (Curran, 1952; 

Lagarey andGough, 1952(b) ) or lungs. 
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JUNI/LARY 

The effect of cortisone on established silicotic 

fibrosis in the lungs of ras was studied by the intratracheal 

injection of 50 mg. of quartz dust in rats, followed 100 days 

later by the administration of 	Lg. cortisone acetate three. 

times a week for 265 days. 

Cortisone did not alter te r ttarn of the fibrosis 

or brin about any regression of existin silicotic•nodules. 

-attire collagenous lesions were present in the control and 

cortisone-treated anils at ali stages Oj. the experiment. 

The actual al- ount of iun tissue involved by tec fibrotic process 

as sliettly less in tne cortisone-treated animals, when paired 

histol cioal preparations from. the two 7roups rare corrnred. 

This was borne out by chemical estimations of collagen, which 

was eound in smaller amounts in the lungs of eortisone-treated 

anit4-11s. 	There vas more silica in th lutvs of these (treated) 

animals than in th E controls, while the lymph nodes contained 

less silica. 

It is conciude_ 'Vat cortison does not have any 

appreciable effect on established silicosis as 2ar as the grade 

of fibrosis is concerned, although a slight reduction in the 

actual amount of fibrous tissue may be found. 	Cortisone 

s the phagocytic transport of dust from the luns.to the 

lyoh. nodes. 
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Fig. I. Electron micrograph of quartz dust (SmoVit). 
< 2 /u 	(1 fa= 6mm.) 	X. 6000). 



erection IV. 

gig. 2. Rat lung, 300 days after the injection of 50 mg. 
of quartz dust. Shows confluent silicotic nodules 
composed of compact collagen (grade 5 fibrosis). Silver 
impregnation. (X. 48). 



Section IV. 

Fig. 3. Serial section to Fig. 2, showing the same area 
after micro-incineration. Dense collections of dust in 
the lesions. Dark ground illumination. 	(X. 48). 



Fig. 4. RrA lung, 300 days after Vie injection of 50 mg. 
of quartz, followed by subcutaneous injections of 
cortisone (begun at 100 days and continued thrice weekly). 
Confluent, collagenous lesions (grade 5 fibrosis). 
Silver impregnation. (K. 48). 



Section IV. 

1*ig. 5, 	section to Fig. 4. Micro-incinerated 
preparation showing the distribution of du,lt in the 
lesions. (X. 48), 



Si,;sCTION V 
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S:40TION V  

TINFLU. NCE OF COAL,  :.INN DUL3T AND KAOLIN  
ON AVIRULF,NT TUB.NRCULO,;;IJ IN: 	PRODIICED BY 

DEAD OAGANISiviS 1 B.C.G. XN Tit 'LUNGS 	; GUIITA-PIG$ 

The close association between silicosis and tuber-

cular infection has 1 ng been recognized by mnny workers all 

over the world. 	In 'outh Africa, Uavrogordato (1926) 

concluded that infection played an important part in the 

development of the disease, chile Sutherland, -itrachan and 

Amson (193 ), writing about the condition 1,, the Rand, stated 

that "if a silicotic patient did not die of some other disease 

or by accident, be ultimately died of tubercuosis." 

(1933) was of the opinion that practically all oases of silicosis 

were complieYted by tubercul-sis:- "En fait, dans l'imense 

majoriteides Cgs;  sinon dans tots, le poumon sijicotique est 

toujours aussi un poumon tuberculeux." 	Kettle and 1rcher (1933) 

observed that infective silicosis rins rore common in Great 

Britain than simple silicosis. 	.y infective silicosis was 

meant "the modification in 	dusty lung of t,e reaction of a 

chrome low grade infection, frequent4 tubercu oats, in the 

direction of increased fibrosis , a definition first used by 

Jimson, 4trachan and Irvine (1931) to describe the condition as 

it occurred in the Rand* 

One of the great problems in pneumoconiosis is the 

relation of dust to the tubercle bacillus. 	Clinical evidence 

supports the view that silica has a specific action on the 

growth of the bacillus. 	The effect of silica on tuberculosis 

in experimental anials has been widely studied. 	Gye and 
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Kettle (1922) showed teat tubercle beci)li proliferated readily 

in necrotic lesions produced in mice by the inoculation of 

silica into their interstitial tissues. later, eettle (1927) 

proved that the ,roliferation of tee bacilli '-bias not denendent 

on the presence of necrotic tissue, but on the actual presence 

of silica in the lesion. 	Other orkers found that in experi- 

mental animals, attenuated or dead tubercle bacilli produced 

proliferating lesions in the presence of silica (Gardner, Je29; 

Cummins, 1940; Yorweld and Delahant 1938; Vorwnld, Iratt, 

and Delahant, 1950). 	hxperiNents conducted by Gardner (19reei) 	on 

guinea-pigs, shooed that healed tubercular foci which had been 

produced originally by a perticulnr strain of tubercle bacillus 

of low virulence - the Tai strain - were reactivated 93 a reselt 

of exposing the animals to eilica dust inhalation. 	This 

capacity for new groeth on the eart of the organisms was not due 

to en increase in their virulence, since eubinoeulation from 

teese animals did not produce anything other than the lesions 

characteristic of the strain. 	Policare-  (1939) and Jen (1939) 

also demonstrated the reactivation of latent tuberculous infect-

ions in aninvls in the presence of silica. 

fettle (1932) found experimentally, that living tubercle 

bacilli introduced into the general circulation of elce, pro-

lifereted in t.;ee interstitial lesions previously produced in 

these: animnls by inoculating them rith silica, rnine dust, shale 

and kaolin, while no growth of bacilli was seen in lesions 

produced by inert substances such As iron, carbon and alominium. 

he was of the opinion that all the experieental evidence showed 
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that by 3 combination of dust and infection it was possibi to 

produce a degree or fibrosis which could not be obtained from 

the action of either factor alone in the same period of time 

(Kettle, 1934). 	o )rove teis point, ee introduced into the 

lungs of guinea-pigs, 	infective agent in the form of 

suspension ol :allied tubercle bacilli from an avirulent strain 

(B.C.G.) with and without kaolin dust. 	The advantage of using 

dead organisms %as that the usual active infection Which results 

from the presence of live organisms was replace by a transient 

one which, while eerely acc 1erating t e pneumoconiotic process 

would not dominate the histological picture. 	ror the results 

of these execrinents he concluded that the combination of dust 

and an infective sgent (killed avirulent tubercle bacilli, in 

this case) was capable of producing eoee fibrosis t en either 

the dust or tee infective neent alone. 

Although it was _mown that cryetalline silica was 

capable of enhancing 	e growth of tubercle becilli it was not 

till recently that the role of other dusts, such es coal, 

granite, asbestos, in tubercular infection received attention. 

eeveral workers eeve reported a high incidence of tuberculosis 

among coal-miners whose lungs s-ow the condition known as 

prod ressive massive .fibrosis (Cummins, 1931; eelt and orris, 

1942; iogers, 196; Gough, 1947*eletcher, ie4e). 	Tubercle 

becilli have been demonstrated in the lesions in 38.5, of cases 

of proressive massive fibrosis by ,:acmes (1948), Davies and 

:ann (1949), and Jana (1951) showed the reletion bet een 

tuberculosis and the massive fibrosis of coal pneuoconiosis 
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radiologically. 	in spite of the fact that the organism has 

not been demonstrated in all cases of progressive massive 

fibrosis, the eeneral concenaus of opinion among workers in this 

field is that the tubercle bacillus is the chief causative agent. 

experireent ally, Cummins (194C) injected coal dust and quartz 

with and vithout dead tubercle bacilli intratracheally in rabbits 

and :ound that the reactions produced in the lungs by the combined 

action ef  dust end organisms were more extensive than those pro-

duced by dust aeon. 

The results of biological experiments only barely 

support the clinical and statistical evidence tat the 

susceptibility to pulmonary tuberculosis is increased among 

workers in industries involviw4 t e inhnlation of certain dusts. 

On the basis of these facts it vas deci ed to conduct further 

animal experiseents in order to stud, the effect of tubercle 

bacilli on dust in the lungs. 	Since coal dust and ine dest 

are of great importance fror *th social end industrial points of 

vies, it seemed desirsble to use these dusts in experiments. 

Kaolin dust was also incuded in order to compare the results 

ith those obtained by settle in his experiments in 1934. 

Experiments i:lanned  

In order to stud:: the effect of various dusts on 

tuberculous infection in the lungs of animsls over e long period 

of tic, it vas thought better to use a species of animal which 

is known to be more resistant to t: 	infection, rather than 

one chic is sore susceptible. 	since rats are highly resistant 

to tubercue• esis, and since they are the animals most commonly 

used in sneueoconiosis research, it was decided to use them. 
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In order to compare the results with kettle's worn (19L4). a. 

ps 

	

	 was raliel series of experiments 	set up with guinen-pigs. 

Six groups of rats and six groups of guinea-pisss 

were injected with the following :- (1) B.C.G. (heat-killed); 

(2) Coal-mine dust; (3) Coal-mine dust 4. B.C.G. (4) Anthracite 

coal .1. B.C.G. (5) Kaolin; ( 	 B.C.G. 

The results of experiments cosducted • by various 

workers, as well as some reported earier in this work (Section 

I)., have revealed that anthracite coal does not produce any 

perm: pent lesions in the lungs of experim ntal animals, even 

after long periods of time, grade 1 fibrosis rarely being 

attained. 	Therefore it was deemed unnecessary to set up a 

control experiment with anthracite coal alone, since the 

pulmonary reaction produced by it would be minimal, and no 

fibrosis would follow its introduction into the lung 

DESCRIPTION OF J t PUS OF  
DUST AND ORGANIsVS  

Vsrcobacterium tuberculosis 	B.C.G. 	The strain of B.C.G. was 

kindly susplied by Dr. ,.J. Benstead, Central 	ealth 

Laboratory, Colindale. 	It was from the standard Copenhar;en 

strain, i2 days' culture on Lowenstein-Jensen's medium, 

Anthracite coal: 	This sample was frog mouth etlss and pas 

turbine gro nd and indly prepared by Dr. B.. 'Iright. 	Its 

ash content was 2.4;x, and its size distribution is given in 

Table 2. 

"lane-dust" Because of the difficulty of obtaining sufficient 

air-borne coal-mine dust it was decised to nrepare a synthetic 

mixture of powdered coal and shale which would closely 
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TABL 1 

Analysis of Jhale Dust  

Amnonford B 

Per cent. 

Si02 60.42 

A1203 20.79 

F49203 0.36 

FeO 3.18 

Ln0 trace 

g0 .1.16 

CaO 0.53 

Na20 0.90 

K20 3.35 

TiO2 1.04 

-F205 0 .12 

CO2 1.38 

SO3 IND 

S 0.08 

trace 

H20 4 1050 3.76 

H20 - 1050  1.40 

C 1.4C,  

Cr203  
CA).93 

Less 0 for S C.04 

99.89 



TABLE 2  

SIZE DISTRIBUTION AND ANALYSIS OF DUSTS USED FOR INJECTIONS 

SamDlea Anthracite 
Coal-mine Dust 

Kaolin 
Per Cent 

1..c, ,, 	By Vass 

(80% P4ItairiggiALQ 4 
20y; Shale) 

jize in xu Per Cent 
132.112. 	By Hasa 

Per Cent 
By No. 	By Masa-:y 

0.16 - 	.23 3 0.08 
C.23 - t .32 10.9 1.32 
0.32 	- 	._ .4.5 3.9.2 0.6 38,2 7.9 
0.45 	- 	.:; .64 16.7 1.6 16.8 9.8 
0.64 	-- 0.90 37.7 1.0 25.9 6.6 12.3 2(...5 
0.90 - 1.30 14.7 1.1 24.7 17.4 9.5 43.C) 
1.30 - 1.80 1.1.7 2.4 8.7 1.7.5 1.3 16.8 
1.80 - 2.0 16.9 9.L 3.4 19.3 
2.60 - 3.60 9.9 15.9 0.9 14.6 
3.60 - 5.10 6.5 29.4 0.5 22.5 
5.10 - 7.20 0.6 33.3 
7.20 - 1C.20 0.f.'. 7.3 



2 (Ctd.)  

Samples Anthracite Coal—mine Dust Kaolin 

Particles counted 

iAtimated 
surface area 

m/g. 

Silica Solubility 
(mg/100 ml.) 

Ash Content 

390 

1.2 

0.2 

2.4 

(8O. Anthracitg 
20' Shale) 

'40 863 

1.8 

C.85 

22 

Composition ( i.,) Coal 	78 

Kaolin 

1:i ca 	10 

,uartz 

Carbonates 1 
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approximate coal-mine dust in composition. 	The sample 

contained 80% anthracite coal (turbine-ground as above) 4. 20% 

shale. 	The shale (Ammonford 13) was likeA.se from a South 

"ales anthracite mine, from a seam overlying the coal measure. 

It was powdered in a rubber-lined tumble mill (King, 1945), 

and was analysed by Geochemical Laboratories, Ltd. (Table 1). 

By x-ray analysis it was found to consist of 3l quartz, 51, 

mica, u,. kaolin and 7,. carbonates. 

Kaolin: 	The sample of kaolin was obtained from British Drug 

houses, and was labelled "Society of Leather Trades Chemists' 

Specification". 	It was larely crystalline, but contained 

a considerable amount of amorphous material; and consisted of 

practically pure aluminium silicate. 	This was the Same sarnple 

as that used by 1.Cettle in his experiments on infective silicosis 

in 1932 and 1934. 

The size distribution and analysis of these dusts 

are given in Table 2. 

preparation of Suspension for inj ction  

bilco.tuberculosis. 	B.C.G. 	The strain of B.C.G. was sub- 

culturA on glycerine nutrient agar medium in 8 oz. flat medicine 

bottles. 	In oruer to obtain good growth, the organism was 

first transferred to a sterile Grifith's tube end a few ml. of 

sterile saline added. 	By f,;rinding this very gently, a thick 

suspension of the organism was made. 	A few drops of the 

suL4,pensiOn were transferred, by means of 	sterile Pasteur 

pipette to each of 12 glycerine agar bottles and spread over the 

surface of the medium with a glass spreader. 	These inoculated 
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bottles were incubated at 37°C for 15 days, when sufficient 

growth was found to have tal:en place. 	The culture mass from 

each of these bottles vas transferred to a previously weighed 

Grifith's•tube. 	The weight of the growth was determined by re- 

eifj-ling the Grifith's tube. 	Large flakes of elsowth were 

broken up an: the contents transferred to a 4 oz. screPecap 

bottle, sufficient physiological saline being then added to 

brine.; the concentration of the growth to 10.mg/ml. 	The 

suspension was shaken for 15 minutes in a mechanical shaker, 

after a few glass heads had been added to it to facilitate the 

process. 	by this menns a fine granular suspension of the 

organiams was obtained. 	The bacilli were killed by auto- 

claving for 20 mins. at 15 lb. pressure. 	(Sterility tests 

were carried out on Lowenstein-Jensen Ledium to ensure the 

effectiveness of autoclaving). 	The bottle was labelled "Stock 

B.C.G. Suspension (1(i mg/m1)" 	Just before t'R injections were 

made t is suspension was added to the various dust suspensions, 

or sterile peysiological.saline, in the case of the controls, 

in such volumes as to rake the final concentration of 

2 mg/mi of suspension v4en introduced into the lungs of the 

experimental enimals. 

Dust Suspensions: 

2.5 g. of eace of the dusts - anthraciee coal, mine 

dust and kaolin (washed in normal saline) - were weighed into 

4 oz. screw cap bottles. 	Cream-free milk (about 3%) was 

added to the coal and mine dusts to help keep the partic7es in 

suspension. 	sterile physioloreical saline was then added 
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to the bottles so that the suspension contained 100 mg. of dust 

per wl. 	The bottles were then sterilized by autoclaving 

(20 win. at 15 lb, pressure). 

To those suspensions Which were to be injected in 

combination with. killed B.C.G., the .previously sterilized B.C.G. 

suspension was added and intimatei.y mixed immediately before 

t e injections rere made. 	The volume of D.C.G. suspension 

added was calculat,A to a concentration of 2 rig. B.C.G./ml. of 

final rAxture. 

The coLposition of the various suspensions used in 

the experiments was as follows :- 

(1) B.C.G. 5 ml. of stock B.C.G. suspension .4 20 ml. 

sterile physiological saline (2 mg. I.C.G./m1.) 

(2) ..1ne dust - 2.5 g. of dust 4 24 ml. of physiolcrical 

saline 4 1 ml. of r_ilk (100 mg/ml). 

(3) A.ne dust 4 B,C,G. - 2.5 g. of dust .4 19 ml. of 

physiological saline .4 1 ml. of ilk .4 5 ml. of stock 

B.C.U. susnenslon(100 mg. dust 	2 v,g. B.0.G./m1.) 

(4) Anthracite coal 4 B.C.G.- 2.5 g. of dust 4 19 ri. of 

physioloical saline 4 1 ml. of milk 4 5 ml. of stock 

E.C.G. suspension (100 mg. dust 4 2 mg. B.C.G./m1.) 

(5) iaolin - 2.5 g. of kaolin 	25 ml. of rhysiological 

saline (100 mg. kaolin/m1.) 

(6) Kaolin 4 B.C.G.- 2.5 g. of kaolin 4 20 ml. of 

physiological saline 4 5 ml. of tock B.C.G. 

suspension (100 mg. kaolin .4 2 mg. B.C.G./ml.) 

Thus the individual suspensions contained 100 mg. of 

the particular dust and/or 2 rig. of B.C.G. per ml. 
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The dose of dust and organisms in:ected varied in 

rats and guinea-pigs, depending on their body weiht, 	and vas 

as follows :- 

Body weight of 	Amount of Dust 	Amount of 	Volume of 
an 	in R. 	in rig. 	B.C.G. in mg. 	3uspension 	(m1.) 

200 50 1.0 0.5 

300 75 1.5 0.75 

400 100 2.0 1.0 

500 125 2.5 1.35 

600 150 3.0 1.50 

700 175 3.5 1.75 

800 and over 200 4. i 2.0 

Animals 

Twenty rats were used in one of th six groups 

(B00411G0, mine dust, mine dust 4 	anthracite 	13.0.0., 

Kaolin, Kaolin ♦ 13.C.G.). 	They ,ere all of the male sex and 

were from the black and white hooded variety of the edical 

Research Council strain. 	Their averagc weight was 300 g. 

aght guinea-pigs, four male r d four fe: ale, ,:ere 

used in each of the: six groups of experiments. 	Phoir body 

wei.Pats varied from 300 g. 	800 g.; however, t'ey were eeually 

distributed in all the.groups. 

AmulmollLIzaullars. 
The method of introduction of the suspensions was by 

the intratracheal route via the mouth (Kettle and 'Alton, 1932; 

modified by .ing et al, 1953 (b) ). 	Tle animals were lightly 

anaesthetized with ether and the injections made as described 

in an earlier section of this work. 	There was no regurgitation 
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of dust. 	I,o immediate post-operative deaths occurred in any 

of the :-Tz,roups. 

Duration of :Xperimenta  

The experimental animals were killed at monthly 

interlvls in the case of rats and the experiments extended up 

to a period of 500 days. 

In the case of guinea-pigs the animals were killed 

at longer intervals to enable the experimental period to be 

prolonged for a sufficient number of days comparable with that 

in rats. 	In spite of careful elanning, some animals died of 

intercurrent infections*  and the killings had to be modified 

still fUrther. These experiments were extended up to 365 days 

only in most cases. 

Hi sto-patholm4 cal technic uc  

Routine post-morte;es were carried out on nil the 

animels which were killed at regular intervals, as well, as on 

any that were found dead. 	The lungs were fixed in 10% formol-

saline and blocks taken along their long axes through the hilum 

to include the hilar lymph glands. 	The blocks were then treated 

with fresh fixative, dehydrated, impregnated with paraffin wax, 

embedded and sectioned at 5u. 

L;erial sections were stained Ns usual by Gordon and 

jweet's silver iri?renation, with haematoxylin and eosin, and in 

addi tion with Van Giesods stain. 	In addition, the sections 

from the lungs of animels wLich had been injected with B.C.G. were 

stained with 4iehl-eelsen's carbol-fuchsin, and olso with phenol 

auramine and the sections exauined under fluoreecent light in 

order to study the distribution of 	or.T;anisins in the lesions. 
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PATHOLOGICAL FINDINGS  

eeections from the lungs were studied microscopically, 

and the fibrosis seen in the most advanced lesions in each case 

was graded accordin to Belt and King (1945). 	The five grades 

of fibrosis recoenized eave already been described in detail 

earlier. 

The pathological gradinf;s obtained, together with the 

nuober of eevs of survival of the animals and t:eir mode of death, 

have teen summarized in Tables 3 and 4. 

The macroscopic and miorosoonic appearances in the two 

specti s of animals -ere very similar, except in the case of the 

animals whicn had been -ivee kaolin 4. killed B.C.G., where, 

histologically, the reaction in rats seemed to be sliFhtly more 

marked than that in guinea-pigs. 

f6acroscopic ,eppearances in Rats and Guinea-pigs  

-acroticopically th re was no difference between the 

lungs of rats and guinea-pie,s in the various series, end they 

are described together. 	The lesions appeared somewhat larger 

in the groups of animals which received dust and organisms than 

in those which had the dust or the organics alone. 

B.C.G.- evenly distributed minute, discrete, w.itish lesions, 

1-2 mm. in dian,eterl were seen in the lungs in the early stages, 

from 30 days onwards. 	They were present at 24C says, and were 

:.;lightly larger,  being about 4 mm. in diameter. 	In the later 

stages, the lesions diminished in size and number and when the 

experiments were concluded at 500 days they were still present 

but scanty. 
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ASSESSLENT OF FIBROSIS IN SECTIONS OF LU  
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BA S AFTI 	iT4C&AL I J. CTION c.r 

DIFFERENT DUAL, 
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Death 	Fibrosis 
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K 

K 
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Lode of 	Grade of 
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4 

F GuipEA-PGa AFTER INTRATRACHEAL IN.LOTION 

InANIams OR BOTH  

Coal-mine  dust 	oal-mine dust 4 	Coal  4 B.C.G. 	Kaolin 	Kaolin 4 B.C.G. 
B.CG. 

Grade of 
Fibrosis 

Lode of 
Death 

Grade of 
Fibrosis 

bode of 
Death 

Grade of 
,!ibrosis 

nxt of 
Death 

Grade of 
Fibrosis 

1 K4' 1 K 1 E 1 max 

D" 

1 K 1 K 1 K 1 max 

1 max K 1 K 1 K 1 max 

2 min K 2 min K 1 K4  2 

2 max K -t 2 max K t 1 K 2 

2 E. 2 /dal K(2) 1 K 2 

D. 

1 K4  1 K4  1 K 1 

1 

Days of ,,urvival 

B.C.G. 

,.ode of 
Death 

Grade of 
Fibrosis 

30 K4  1 min 

90 K 1 min 

120 K 1 min 

180 h4  1 min 

240 K 1 min 

300 K 1 min 

30 K4  1 min 

500 0 

6ections from these animals are reproduced in the figures 

K = Killed; D Dead; .Lax = taximal; min = minimal within the • 
indicated grade of fibrosis. 

Numbers ( ) indicate the numbers of animals killed or found dead. 
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ieine dust - In both rats'and guinea-pigs' lungs the dust was 

distributed diffusely. 	In some cases, dense collections of 

dust were seen on the dorsal aspects of the lungs. 

line dust 4 B.C.G. - On the lung surfaces there were collections 

of dust, around which in the early stages were ereyish lesions 

about 1-2 mm. in diameter. 	These lesions increased in sine 

during the course of the experinent and Teersisted till its end - 

buo deys - being intieatele associated witL the collections of 

dust all the time. 

Anthracite coal 4 B.C.G. - The macroscopic appearances in this' 

group of experiments in both rats and guinea-pis were very 

similar to the appearances found in the lungs of animals 

receiving mine dust 4 I.C.G. 

Kaolin - ;email, whitish collections of dust were seen distributed 

diffusely throughout the lungs of both rats and guinea-pigs. • 

There was no change in the macroscopic appearances till the end 

of the experiment at 500 days in rats and 365 days in guinea-pigs. 

Kaolin 4 B.C.G. 	In the early stages (from 30 days onwards) 

there were white areas over the lung surfaces which were larger 

then those seen in the previous group. 	rom about 21.0 days, 

there were definite firm white areas on the lungs, similar to 

patches of fibrosis. 	Later still, towards the termination of 

the experiment, the appearances were remarkably like those seen 

in the previous experiment (kaolin alone) except that the dust 

collections were tar er. 

The tracheo-bronchial lymph nodes were enlarged to - 

several times the normal in all these groups. 	In the animals 

which received mine dust, mine duet 4 B.C.G. and anthracite 
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coal 4. B.C.G., the nodes ere, in addition, black in colour. 

Licroscopic Appearances  

The histological lesions in the lianas of rats and 

guinea-pigs in the various groups of experiments were very 

similar in the type of reaction. 	aAne dust did not produce 

any fibrosis in either rats or guinea-pigs; B.C.G. a1 ;tie and 

kaolin alone produced mild fibrosis (Grade I); while mine dust 

f2:.3.G., anthracite # B.C.G. and kaolin 4 B.C.G. produced 

well-marked fibrosis (Grades 2 and 3 respectively in rats and 

Grade 2 in guinea-pigs). 	The lesions reached a maximum. at 

about the same period in all cases and then decreased in 

severity towards the end of the experiments. 	The demonstration 

of acid-fast organ-; inns in the case of guinea-pigs was difficult. 

Rata 

- The sectiona examined at 30 days showed anny nodular 

lesions, about lbO-200u in diameter, throughout the lung fields. 

They were composed vainly of mononuclear cells with some bacilli 

in the centre. 	On reticulin staining there appeared to be a 

loose hctwor: of fine reticulin fibres within these nodular 

lesions (G-fade 1 fibrosis. Fig. 1). 	Thereafter, the lesions 

showed a liaht increase in size (200-ta00u) but there was no 

evidence of inc:case in reticulin up to lb° days (Fig. 2). In 

the sections examined after this period there appeared to be a 

diminution in the size of tha lesions (100-150u). 	The fibrosis 

still remained the same as at first and at 300 days was Grade 1 

(Fig.3.) 	From this time onwards the lesions seemed to be 

redued,both in size and in number, and at 500 days only an 

occasional small cellular lesion could be seen. 	Acid-fast 
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bacilli were, however, demonstrable in such lesions, although 

they were reduced in number as compared with the earlier stages. 

Coal-mine dust: 	In the early stages, the dust appeared to be 

distributed diffusely throughout both lungs. 	At 30 days there 

were plenty of dust particles lying free within the alveoli. In 

some areas, dust cel].s were collected into small aggregations, 

but there was no evidence of fibrosis (Fig. 4). 	Between this 

time and 1E0 days, the dust cells began to collect into definite 

nodules, leavin the lung fields clear. 	At 180 days, the dust 

cell collections bad enlarged to ,a certain extent, without the 

appearance of any fibrosis (Fig. 5). 	Between 180 days and the 

termination of the experiment at 500 days, the dust appeared to 

become more tightly packed together into focal aggregations with 

just enough reticulin fibres around them to hold the dust 

together, but no further fibrosis (Fig. 6). 

Coal-mine dust 	B.C.G.  - At 30 days there were some dust cells 

lying free within the lung alveoli, While others were aggregated 

to form nodular lesions. 	These lesions were composed of dust 

cells together with many epitheloid cells and some acid-fast 

oreanisms, and seemed to be due to the combined action of the 

dust and organisms (Fig. 7). 	Vlithin such lesions were loosely 

arranged fine reticulin fibres (Grade 1 fibrosis; Fig. 8). By 

12G days the lesions had increased in size, but there was very 

little increase in fibrosis, the lesions remninin,e within the 

maximum limits of Grade 1 fibrosis. At 180 days, they appeared 

to have advanced and the reticulin fibres ere thicker and 

becoine; compact (Grade 2 fibrosis, minimal. fie,. 9). 	No 
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further proress was noted in the lesions till 365 days, when 

the reticulin appeared to be very thick and compact (Grade 2 

fibrosis, maximal. 1dg. 10). 	After this, the lesions 

gradually diniinished in number and severity. 	The nodules were 

smaller and the reticulin fibres,which hed been thick and 

compact earlier, were finer and loosely arranged and, at the 

end of the experiment (477 days) only 	feu small nodules were 

seen. 	At this stage a few collections of dust with wild 

thickening of the alveolar walls were seen, but no definite 

fibrosis (Fig. 11). 

With fluorescent light the microscopic preparations 

examined for oeganisms showed about 8 in an area 2 cm. x 134- cm. 

of lung at the period when the fibrosis was at its maxier!um, 

and 2 only in the same area,approximately,at 500 days. 

Anthracite coal 4 B.C.G.  - The lesions produced by coal and 

13sCoaft in the lungs of rats were very similar to those produced 

by coal-mine dust and B.C.G. 	In the early stages (30 days) 

there were cellular lesions composed mainly of epitheloid 

dust cells and acid-fast organisms (Fig. 12). 	7ithin these 

lesions th,:re was a slight increase of eeticulin fibres (Grade 1 

fibrosis, minimal..21.g. 11). 	The lesions remained unchanged 

till 150 days, when there was thickening of the reticulin fibres 

in them and the fibrosis reached a fully developed Grade 1. 	P7 

240 days, the cellular lesions were larger, more numerous end 

she ed thick and compact reticulin (Grade 2 fibrosis, maxi1. 

Fig. 14). 	There was no appreciable change from teis time till 

400 days. 	At fe.is stage the lesions were somewhat smaller and 

less numerous, and at 500 days there were only scattered lesions 
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with a few reticulin fibres (Grade 1 fibrosis. Fig. 15). 

.xa ination of sections stained with auramine 

revealea t under fluorescent light, about 8 bacilli in an area 

2 x i cm. of lung ti sue at 180 days, and only 3 bacilli in an 

area 3 x 1 01!. at 500 days. 

Kaolin - This dust produced a diffuse exudative reaction in 

the lungs at 30 eays. 	There were numerous giant cells con- 

taining dust Particles (Fig. 16). 	In certain areas the cells 

were collected together but did not form compact nodules. 

few fine reticulin fibres were seen within these collections 

(Grade i fibrosis, minimal. Fig. 17). 	The lesions did not 

appear to progress and at 180 days the fibrosis still remained 

at Grade 1 minimal (Figs. 18 and 19). 	No sieniviclnt differ-

ences , ere evident in the lesions from t is time till the 

teminaion of tee experiment at 5C0 days, when the fibrosis 

was etill .rade 1 minimal (Fie. 20). 

Kaolin  4 B.C.G. - The histological lesions in the lungs, 

resulting from the introduction of kaolin dust and B.C.G., 

were very different from the lesions produced by the dust alone. 

At 30 days there was the same diffuse infiltration cu the lungs, 

wits large numbers of giant cells containing engulfed dust 

particles and collected together in some areas to form nodules, 

within which were acid-fest organisms and loose reticulin 

fibres (Grade 1 fibrosis. Pig. 21). 	With the advance of time, 

however, the lesions showed definite increase of reticulin in 

them. 	There was generalized thickening of the alveolar walls, 

and at 180 days portions of the lung showed some consolidation 

due to dust-laden cells. 	some bacilli were demonstrable in 
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these areas, and there were many thick compact bundles of 

collagen fibres (Grade 3 fibrosis. Fig. 22). 	The fibrosis 

remained at this stage till 270 days, eben the lesions began 

to show sins of reeressing, and at 500 days there were only a 

few nodular lesions present together with mononuclear cells 
the 

distributed theoughout/lungs and some alveolar fibrosis in the 

form of a reticuler network (Fig. 23). 

Auraeine-stainee sections examined with fluorescent 

light revealed about 7 bacilli in an area 2 cm. x cm. of lung 

tissue at the period when the fibroeis ens most marked, and 

only about 3 bacilli in an area 8 cm. x 1 am. at the end of 

the experiment. 

Guinea-Digs  

The histological lesions produced by dust, organisms 

and the combined action of the two in the lunfes of guinea-pigs 

were similar to those produced in the lungs of eets by the same 

agents. 	The different eeerees of susceptibility of the two 

animal species to the infecting organism did not seem to -fleet 

the lesions. 

B.C.G. - histological exarination of th lungs at 30 clays 

revealed numerous cellular lesions about l00-200u in diareter 

and composed eainly of eononuclears and epitheloid cells. 	A 

few fine, loosely arranged reticulin fibres were seen in some 

of thE lesions (Grade 1 fibrosis, riniea); 2ig. 24). 	Within the 

next six eontes the lesions enlerged in size to sore extent 

(200-3b4), and at 180 days, apart from this chanee, there was 

no visible increase in the amount of eeticulin fibres within 
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the lesions (Fig. 	erom teis tiele onwards the lesions 

diminished in size (100-209u) and at 365 days were seen as 

small celWlar areas with a few reticulin fibres (Fig.26). 

They persisted even op to 500 days although they were few in 

number and small. 

Coal-mine dust - eumerous dust rarticles were seen dis-

tributed diffusely throughout the lung fields within the 

alveoli and in the interstitial tissue at 30 days (Fig. 27). 

By 150 days these dust cells seened to be aggregating to form 

irregular nodules and at 240 days there were many small 

collections, while some duet cells still remained free in the 

alveoli. 	There was no develupment of reticulin fibres within 

such nodules (Fig. 28). 	At 365 days the dust collections 

appeared compact but there was no fibrosis at all (Fig. 29). 

Coal-mine dust 4  B.C.G. - The lunr;s exarined et 30 days showed 

su.e 1 nodular lesions composed of dust cells and epitheloid 

cells toeether eith a loose network of fine reticulin fibres 

in teem (Grade 1 fibrosis. Fig. 30). 	The lesions seemed to 

pro;ress ind at 180 days the reticulin fibres apneared thicker. 

BY 240 days the nodules had enlerez,ed and the retiaulin fibres 

were thick and compact, with a snail anount of col la-en(Grade 

2 fibrosis. 'r'ig. 31). 	From this time till 300 days there was 

no pro resa, and after tlat t e lesions seemed to re -eress; by 

365 days teere were onl 1 few cellular collections with scanty 

reticulin fibres (Grade 1 fibrosis, subminimal. Fig. 32), and 

at 500 days the picture was no different. 
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Anthracite  coal 4  B.C.G.  - Histologically the lesions were 

similar to those seen in the previous eroup. 	At 30 days some 

dust was seen lying nithin the alveoli l while in some places 

there were smelek focal accumulations of dust cells and epi- 

theloid cells in the form of nodules (Fig. 33). 	On reticulin 

staining the presence of a loose netvork of eeticulin fibres 

within the noduleswas seen (Grade 1 fibrosis. Fie. 34). 	At 

180 days there were many lesions in the lungs, some of them 

associated with reticulin fibres which were increasing in thick- 

ness (Grade 2 fibrosis, minimal). 	By 240 days the nodules were 

larger and the reticulin fibres compact, with some collagen 

(6rade 2 fibrosis, maximel. :Pie. 35). 	After 1-e1s the lesions 

gradually diminished in size and at 3e5 days there were only n 

few with some reticulin fibres in them (Fie. 3e). 

Kaolin - There appeared to be a marked exudative reaction in the 

lungs as e result of the introduction of kaolin. 	At 30 days 

a large number of foreign-body giant cells containing dust 

particles were seen distributed throughout the lung, fields 

(Fig. 37). 	A loose reticulin network was demonstrable in some 

of these areas, as well as among localized collections of giant 

cells (Qrade 1 fibrosis, minimal, Fig. 38). 	From this period 

up to 240 days, there was very little change in the lesions, 

with the exception of a slight increase in reticulin fibres 

(Fig. 39). 	The lesions were, on the whole, diffuse, and 

remained so from the commencement of the experiment to its 

termination at 365 days (rade 1 fibrosis. Fig. 40). 
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Kaolin, 4 B.C.G.  — At 30 das there were large portions of the 

lung packed with giant cells containing dust particles. 	In 

certain areas there were nodular lesions composed of those giant 

cells, Eononuclears and eritheloid coals, 	some fine strands 

of reticulin were seen in the affected parts of the lung Oracle 

1 fibrosis. Tig. 41). 	During the next five months the lesions 

advanced in severity and the histological appearances were 

markedly different in every respect from those nroduced by 

kaolin alone at the same period of time. 	Areas of necrosis 

were seen in some of the lesions and parts c)! the lung were 

solid with dust cells. 	By 180 days there vas coarse reticular 

fibrosis of te alveolar walls in the effected re4ons and 

thick compact reticulin, together with some collagen within the 

actual lesions (Grade 2 fibrosis, maximum. A.g.42), whereas in 

the lesions produced by kaolin nine at this seine period there 

was nothing more than a fine network of reticulin Grade 1 

fibrosis). 	Thereafter, the lesions decreased in severity and 

at 365 days only a few fine reticulin fibres remained in the 

lesions, together with some mild alveolar fibrosis (Fig. 43). 

The lesions produced by kaolin and dead B.C.G. were in marked 

contrast to those produced by the dust aline, where the lesions 

showed no apparent difference from the commencement of the 

experiment to its termination., rerinining all the time within 

the limits of grade 1 fibrosis. 

DI3CUSSION 

Clinical and statistical evidence suggest that silica 

has a specific effect on the growth of the tubercle bacillus. 
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Similar evidence is avai)ab_e that the tubercle bacillus 

flourishes in the lesions found in the i_ungs of coal-miners. 

experimental work, however, has supported these findines only 

to 	limited extent. 	ednce both organisms and dust produce 

sirAlar types of fibrotic lesioes, the effect of one on the 

other is difficult to evaluate. 

eettle (19:62) studied the interstitial reactions 

caused by various dusts and their influence on tuberculous 

infection by injectin suspensions of silica, mine dust, kaolin, 

shale and asbestos subcutaneously in mice, followed by intra-

venous injection of suspensions of livinte -tubercle bacilli, 

and found that tubercle baoilli proliferated in the lesions 

produced by these dusts. 	Later, he injected kaolin and 

avirulent dead tubercle bacilli, together and alone, into t e 

lungs of guinea-pigs and was able to show that the lesions 

produced by the combined action of dust and organisms were 

more severe than those produced by either factor alone in the 

same period of time (Kettle, e934). 	experinents on similar 

lines were conducted by Cummins (1940), weo injected anthracite 

coal dust and dead tubercle bacilli into the luns of rabbits 

end found that the lesions produced by them were more extensive 

than those produced by dust alone. 

In the present series of experiments, anthracite 

coal dust, mine dust and kaolin have been injected into the 

lungs or rats and guinea-pigs, with and without dead tubercle 

bacilli from a relatively avirulent strain (B.!.), and the 

effect of dust on tee organisms studied. 	The purpose in 

using organisms of low virulence which hed been previously 
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killed ,was in order to ensure that the reaction produced by 

them. would not be so acute as to obscure the lesions produced 

in the lun s by the dust. 

Histologically, the lesions produced by anthracite 

coal, mine .dust, kaolin and organisms by themselves and in 

combination, were siMilar in the two species of animals in. spite. 

of their different degrees of susceptibility to tuberculous 

infection. 	B.C.G. by itself produced only very aild lesions 

in the lunes af both rata and guinea-pigs. 	There were a few 

fine reticulin fibres in the lesions, these being evident in tee 

early stages of the experiment and persistine throuehoet, although 

in much smaller numbers by 500 days when the experiment was 

terminated. 	einc dust did not produce any permanent pulmonary 

lesions in either rats or euinea-pigs. 	The same has been found 

to be true eith regard to coal dust (Section 1 of this work). 

haolin produced a diffuse exudative reaction and mild fibrosis 

with a. few fine reticulin fibres (Evade l_fibrosis). 	However, 

when these same substances, which by themselves eroduced only 

very mild reactions in the lungs, were injected in combination, 

a very different histological picture ensued. 	enthracite coal 

and B.C.G. when injected together produced marked lesions with 

a general histoleaical picture of Grade 2 fibrosis, some lesions 

cantainiug collagen fibres. 	The maximum fibrosis eas 'resent 

at 240 days in both rats and guinea-pigs. 	After this the 

lesions appeared to regress and by 500 days in rats ,end 365 

days in guinea-pigs, only a few were seen vith mild reticulinosis. 

sine dust and B.C.G. produced lesions of the same Intensity as 
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anthracite and B.O. . 	The reaction was similar except that 

in tne case of rats the maximum fibrosis ieas present at 365 

days,after which the lesions showed the same tendency to regress. 

In euinea-pigs the maximum fibrosis was et 2/ la days. 	-his 

sli:ht difference in the time at which the eaxium degree of 

fibrosis cis round in the lures of rats with mine dust and '2.C.G. 

and anthracite coal and B.C.G. is very probably a mere experi-

inental variation which is not statistically significant. 

kaolin and J.G.G. produced an even more marked reaction in the 

lungs of rats than did t4c other dusts wren injected with 

organisms. 	at 180 days the naximum fibrosis eas nrescnt and 

there were lere areas with muoh colle ,en (Grade 3 fibrosis) 

in rats, while in guinea-pigs the lesions were slightly less 

advanced, being within tie tiaximal limits of Grade 2 fibrosis. 

Thereafter, in both snecies of enillals the ,esions be an to 

regress and by the end of. the experiment (500 days in rats and 

365 days in guinea-pigs), there reanined only a mild alveolar 

fibrosis as evidence of the earlier severe lesions. 

It is apparent from the foreaoina facts that the 

influence or coal, mine dust and kaolin on aviralent tuberculous 

infection eroduced by dead B.C.G. in tee lungs of rats and guinea- 

pigs, is such that t 	lesions are aa7ravated by them. 	"he 

combined action of any one of these dasts and dead B.C.G. 

produced more marked lesions in the iunas than any of these 

substances alone in the same period of time. 	For instance, 

coal dust and mine dust did not produce any nermanent pulmonary 

lesions by themselves 
i
andkaolin and b.C.J. alone produced Pild 
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retioulinosis only, while the combination of coal dust or mine 

dust with B,C.G. produced definite fibrotic lesions Grade 2) 

and kaolin. and B.C.G. together produced collagenous lesions of 

6rede 3 severity. 	Thus there is no doubt that dust and dead 

tubercle bacilli influence each other in such a way that one 

enhances the lesions produced by the other. 

A striking feature in all the experieents where dust 

and organisms were injected simultaneously, is the regularity 

with which the severe reactions present in the lungs at one 

stage gradually disappeared during the leter stages of the 

experiment. 	In all oases the lesions Lecamc more pronounced 

during the early period of the experiment and the maximum 

fibrosis as noted between 180-240 days, after which the lesions 

showed signs of regression till,at the termination of the 

experiment at 365 or 500 days, no fibrosis :as evident. 	it 

would seem from these findings that fibrous tissue is cepable 

of undergoing partial resolution spontaneously in certain cases. 

Uollagen fibres which were plentiful at the peak period when 

the fibrosis was at the maximum were no longer found in any of the 

lesions examined in the aater stages cee the experiment. 	The 

fact that this was repeatedly found in every experiment 

involving Vie use of dust and organiss together is of signi- 

ficance and cannot be dismissed as a ceelee occurrence. fathough.  

it is riot possible to offer a wholly satisfactory explanation 

for the partial resolution of the lesions produced by the 

combined action of dust and organises, the study of the nature 

of tic stimulus producing these lesions may yield some inform- 

ation. 	it is presumably due to the disappearance of the 



18' 

stiulus which, in this case, may have occurred in one of 

two eays. 	Since the stimulus concerned eas in the form of 

dead becilli, it is unlikely that it action would have been. 

continuous, as it might have been with living organisms, which 

have been found to flourish in dust lesions, so supplying the 

continued stimulus necessary for the progression of the fibrotic - 

lesions. 	The stimulus afforded by dead organisms, on the other 

hand, would have acted at one stage when it was introduced into 

the tissues, crsisted for a while, and then have ceased to act. 

Another possibility is that the disaneearanee of the stiNulus 

by the removal or diesolution of the dead bacilli fewe the 

lungs hay be reeeonsible for the partial resolution of the 

lesions. 	There is scare evidence teat the bacilli arc being 

remoVi* from the lungs during the inter steges of the experiment. 

exaleination of iesions for organisms (under fluorescent light) 

during the period when the fibrosis was maximumo nn0 aeain when 

partial resolution 119d taken place, ,revealr'd a 7efinite difer-• 

ence in ti number present.. 	';':ven at the time when the lesions 

were severe bacilli were scanty, being only about 6-10 in the 

whole lunG field examined (approximately 3 sq. cm.), but towards 

the end of the experiments, when partial resolution had taken 

place, the numbers were still further reduced, beine about 

in a lung fl. id of approximately the saLe area as before. 
is 

This/convincine evidence that becilli are disappearing from. tJi 

lungs I but only very slowly, and aerees with rettle's (1934) 

findings in part. 	Thus it is likely that, with the disappea - 

ance of the bacilli, the stimulus to the further nroress of 

the lesions Is withdrawn, and partial resolution takes elace. 
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These findines are in areement with those of Kettle 

t134; up to e point. 	ne found t. 	kaolin and dead 	by 

themselves did not produce any remanent lesions in the luneas 

of euineaepigs, but when they were injected together produced 

collagenous lesions very sivilar to the infective silicotic 

nodules seen in human beings. 	The maximum fibrosis was found 

et 112 days and was still present at 141 days. 	No descriptions 

are available of the lesioes found beyond this period. 	It is 

possible that if his experiments with dust and organisms had 

been continued for a longer rtriod, reselts similar to those 

found in the present series of experieents nay have been 

obtained, i.e. partial resolution et' lesions. 	7rith realrd to 

his studieseee the action of dead B.C.G. alone, he found that 

the organisms "disappeared altogether in the later stales of 

the experiment", but no definite time is mentioned. 	In these 

experieente, however, the organisms were demonstrable even ns 

late as 500 days after injection, in the case of rats, although 

they were very scanty, and - would probably have disappeared 

entirely soon after. 	In the case of guinea-pigs it eas very 

difficult to denonstrate the organisms at any stage. 

Cuenins (194h) studied the action of anthracite coal 

and slate dust wite read tubercle bacilli on the lungs of 

rabbits. 	ee found that the combined action of dust and 

organisms eroducee ore "extensive lesions" then dust elene. 

:is experiments, again, were conducted up to a period of 18 

days only, and it is just possible that had they been continued 

ionizer, the lesions may have resolved aartially as in the series 

under discussion. 
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These experiments definitely erove that the combined 

action of dust and tubercle bacilli (dead) of low virulence on 

lungs of rats and guinea-pigs produces rorc severe lesions 

than either the dust or te organisma alone in the same reriod 

of time. 	The lesions reach the maximum degree of fibrosis and 

after sone time partial resolution takes place. 	These findings 

are in agreement with those of Kettle (1934) and Cummins (1940), 

who also found that dust and organisms together produced more 

reaction in the lungs than either factor alene. 

61TUARY 

The influence of coal, mine dust and L7.aolin on 

avirulent tuberculous infection eroduced by dead 	in the 

lungs of rats aed ilinea-pigs hes been studied by the intra-

tracheal injection of these sebstances alone and in combination. 

The reactions produced by the combinations of these substances 

were similar in t.c two species of animals and did not see. to 

have been affected by their different degrees of susceptiLili - y 

to tuberculosis. 

B.C.G. alone nroduced mild lesions in rate and euinea-

pigs; they appeared at 30 days nd eerststed till 500 days, 

althoueel at this stage teee were scanty and smeller in size. 

eine dust did not produce any pulvemary fibrosis in as long a 

period of time as 500 days in rats and 365 days in eednea-pigs. 

Kaolin produced minimal fibrotic lesions (4rade 1) at 30 days 

and teese did not progress any further, even up to 500 days. 
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mine dust and B.C.G. produced definite fibrosis which reached 

its maximum (Grade 2) at 335 days in rats and 240 days in guinea-

pigs; thereafter, the lesions underwent partial resolution. 

Anthracite coal and 3,0.G. produced lesions essentially similar 

to the foregoing, which reached the maximum severity (Grade 2) 

between 180-240 days in both species and then resolved r)artia ily. 

With kaolin and B.C.G. the reaction was more marked in rats 

than in guinea-Pigs. 	In both, the maxinum fibrosis Grade 3 

and Grade 2 respectively) was reached at 180 days, the lesions 

diminishing in severity bcyond .1;t 



Section V. 

Fig, I. Rat lung, 30 days after the injection of 1.5 mg. 
of dead B.C.G. Nodular lesions with a loose network of 
reticulin fibres (grade 1 fibrosis). Silver 
impregnation. (X. 100.) 



Pig. 26 Rat lung, 150 daya after the inyetion of 1.5 mg. 
of dei.:d B.C.G. 	Nodular lesion with loosely woven 
rPtde'-din fibres 0-,rtu.i.e 1 fibrosis). 	Silver impregnation. 

J.3o). 



V. 

Fig. 3. Rat lung, 300 days after the in:petion of 1.5 mg. 
of dead B.C.G. 	i1 noular lesion with a loose 
rciticJiin liotwok. (grade 1 fibroois;. 	iiIver 
iapregAution. 	13U). 
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Fig. 4. Rat lung, 30 days after the inOtion of 75 mg. 
of coal-mine dust. Diffuse distribution of dust 
varticles with an occ sional small aggregation. 	o 
fibrosis. 	:diver itvregnation. 	X. loo). 



•••• 
eat \ 

fl4t7r; 

kia 

f • -70P": 

kio 
iteL 	rtar; 

AMP '4)11  
- • 	 • 

*ON . 4.  

Ir 

At/ 

Section V. 

ni • 

Fig. 5. Rat lung, 180 days after the injection of 75 mg. 
of coal-mine dust. 	1-rult colLected into dense 
aggregations without any fibrosis. Silver impregnation. 
(X. 130). 



Sction V. 

Fig. 6. 	Rat lung, 500 days after the injection of 75 
of coal-mine dust. Dust tightly p eked together into 
focal aggregations with a few ,eticulin fibres around them, 
but no fibrosis. 	Silver impregnation. 	(X. 130). 
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Fig. 7. Rat lung, 30 days after the in*ction of 75 mg. 
of coal-mine dust and 1.5 mg. of dead B.C.G. 	Nodular 
lesion composed of dust cells and epitheliod cells, due 
to the combined action of dust and organisms. 
Haematoxylin and eosin. 	(X. 90). 



9ection V. 

Fig. 8. Rat lung, 30 days after the 1/4ction of 75 mg. 
of coal-mine dust and 1.5 mg. of dead B.C.G. &Axe area 
as in Fig. 7. Combined dust and infective lesion with 
loose network of fine reticulin fibres (grade 1 fibrosis). 
3ilvor impregnation. (X. 100) 



6ection V. 

Fig. 9. Rat lung, 180 days after the injection of 75 mg. 
of coal-mine dust and 1.5 mg. of dead B.C.G. Combined 
dust and infective lesion with thick reticulin fibres 
(grade 2 fibrosis, minimal). Silver impregnation. (X.130). 



Section V. 

Fig. 10. hat lung, 365 days after the injection of 75 mg. 
of coal-mine dust and 1.5 mg. of dead B.O.G. 	Combined 
dust and infective lesion with thick and compact reticulin 
fibres (grade 2 fibrosis, maximal). Silver impregnation. 
(X. 130). 



Jection V. 

ig. 11. 	Rat lung, 477 days after the injection of 75 mg. 
of coal-mine duet and 1.5 mg. of dead B.C.G. 	Collections 
of dust with mild thickening of the surrounding alveolar 
walls, but no fibrosis. Silver impregnation. (X. 130). 



2eation V. 

Fig. 12. Rat lung, 30 days after the injection of 75 mg. 
of anthracite coal and 1.5 mg. of dead B.C.G. Nodular 
lesions composed mainly of dust cells and epitheloid cells 
due to the combined action of dust and organisms. 
Haernatoxylin and eosin. (X. 100). 
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Section V. 

Fig. 13. ii.wt lung, 30 days after the inOtion of 75 mg. 
of anthracite coal and 1.5 mg. of dead B.O.G. 	3.-)me area 
=s in Fig. 12. Uombined duct and infective le2ions with 
a few fine reticulin fibres within (grade 1 fibrosis, 
minimal). 	Silver impregnation. 	(X. 100). 



Section V. 

Fig. 14. Rat lung, 240 days after the injection of 75 mg. 
of anthracite coal and 1.5 mg. of dead B.C.G. Nodular 
lesions due to dust and organisms, and showing thick and 
compact reticulin within (grade 2 fibrosis, maximal). 
Silver impregnation. kX. 130.). 



Section V. 

Fig. 15. Rat lung, 500 days after the injection of 75 'l. 
of E,nthracite coal and 1.5 mg. of dead B.C.G. 	Combined 
dust and infective _esion, much less severe than at 240 
days, showing a few fine roticulin fibres (grade 1 fibrosis). 
._;iiver impregnation. X. 130). 



3ection V. 

" 
• _ 	 • 

141.0• 	 !•:- • • 1‘.  

1(t. 	7&-kt lung, 30 days after the injection of 75 mg. 
of Kaolin dust. Diffuse exudative reaction with numerous 
giant cells containing dust particles and showing 
commencing aggregation. Haematoxylin and eosin. (X. 90). , 
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'ig . 17 . 1 ).t Lur ~"'> , 30 duy s r f t c t he in,j f"'ction of 75 mg.
o... r.a o La.n dus t . 3 [1. e p.l'ea a u ll i g . 15 . .L fe 1 fi ne
r eticulin f ibres a r e D' ~\·; n 'i hin the g .~ C ' ataone (grade
1 ..:ibr os i s minimal) . Si l v e r Lrnpr'egnat.Lon , (X . 90) .
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Fig. 18. Rat lung, 180 days after the injection of 75 mg. 
of Kaolin dust. Nodular collections of giant cells 
containing dust particles within them. Haematoxylin and 
eosin. (X. 115). 
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Section V. 

Fig. 19. Rat lung, 180 days rafter the injection of 75 mg. 
of Kaolin dust. Dame area as Pig. 18. Pew reticulin 
f,bres arranged loosely within the nodules (grade 1 
fibrosis, minimal). 	•;.Ylver impregnation. (X. 90). 



Section V. 

Fig. 20. Rat lung, 500 days after the inXction of 75 mg. 
of Kaoin (just. Nodular lesions with loose reticulin 
network. (grade 1 fibiosis, minimal). 3ikver impregnation. 
(X. lO(). 
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Jection 

Fig. 21. 	Rat lung, 30 days after the in3ction of 75 ms,;. 
of Kaolin dust and 1.5 mg. of dead B C G Combined 
dust and infective lesions with a loose network ,f 
reticulin fibres 	(grade 1 fibrosis). 	Silver 
impregnation. 	0].. 100). 



cl ec t i on V.

Fi g . 22 . Ra t lung , 180 dAy S a f ter the i n j ection of
75 mg . of Kaol i n dus t ar~ 1 . 5 mg . of dead B. G. G.
Vi l~ 'u e Le s ions du e t o t he combined ac t i on of du t and
organi sms , wi t h th i ck I~nd compact co Ll agen in them
( r ade 3 f ibrosis) . Gene r a l i ed thickenin~ of a l veol ar
walls in the neighbourhoo.. of the les i ons . ~ ) i lver

i mpregna tion (X. 115) .



fretion V. 

Fig. 23. ftt lung, 500 days after the injection of 
75 mg. of Kaolin dust and 1.5 mg. of dead B.C.G. 	Few 
roticulin fibres within the nodules and some alveolr 
fibrosis in the forr 	a reticular network. Reaction 
much milder than at 180 days. 	Silver impregnation. 
(X. 120). 



Section V. 

Fig. 24. Guinea-pig lung, 30 days after the injection 
of 3..0 mg. dead B.C.G. 	Nodular lesions with a few fine 
reticulin fibres (grade 1 fibrosis, minimal). Silver 
impregnation. 	(X. 100). 



Section V. 

Fig. 25. Guinea-pig lung, 180 days after the injection 
of 2.5 mg. dead B.C.G. Nodular lesions with a loose 
reticulin network (grade 1 fibrosis). Silver 
impregnation. (X. 100). 



Section V. 

Fig. 26. Guinea-pig lung, 365 days after the injection 
of 2.5 mg. dead B.C.G. 	Cellular lesions, smaller in 
size than at 180 days and with a few fine reticulin 
fibres. (grade 1 fibrosis). 	Silver impregnation. 
(X. 100). 



Section V. 

Fig. 27. Guinea-pig lung, 30 days after the injection 
of 150 mg. of coal-mine dust. 	1Dast diffusely 
distributed throughout the lungs. 	evidence of 
increased reticulin. Silver impnignation. (K. 100). 



Section V. 

Fig. 28. Guinea-pig lung, 240days after the injection 
of 150 mg. of coal-mine dust. Small collections of 
dust seen in the form of irregular nodules, without any 
fibrosis. 	Silver impregnation. (X. 9J). 



Section V. 

Fig. 29. Guinea-pig lung, 365 days after the injcction 
of 150 mg. of coal-mine dust . 	)ust collected into 
compact nodules with scanty reticulin fibres, but no 
definite fibrosis. 	'611ver impregnation. (X. 100). 



Section V. 

Fig. 30. Guinea-pig lung, 30 days after the injection 
of 150 mg. of coal-mine dust and 3 mg. dead H.C. 
Shows nodular lesions with fine reticulin fibres (grade 
1 fibrosis). 	Silver impregnation. 	(X. 100). 



Section V. 

Fig. 31. Guinea-pig lung, 240days after the injection 
of 150 mg. of coal-mine dust and 3 mg. dead B.C.G. 
Combined dust and infective lesions with thick and 
compact reticulin fibres and some collagen. (grade 2 
fibrosis). Silver impregnation. 	(X. 1W). 



3ection V. 

Fig. 32. Guinea-pig lung, 365 days after the injection 
of 150 mg. of coal-mine duet and 3 mg. dead B.C.G. 
lodular lesions due to duet and infection with only a 
few reticulin fibres arranged loosely within them. (grade 
1 fibrosis, minimal). Silver impregnation. (X. 100). 
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Fig. 33. Guinea-pig lung, 30 days after the injection 
of 150 mg. of anthracite coal and 3 mg. dead B.C.G. 
Nodular lesion produced by dust and organisms and 
composed of dust cells and epitheliod cells. Overlying 
pleura shows inflammatory thickening. Haematoxylin and 
eosin. (X. 100). 
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Section V. 

rig. 34 . Guinea-pig lung, 30 thys after the injction of 
150 mg, of anthracite coal and 3 mg. dead. B.O.G. 	Same 
area as Fig. 33. 	,iociular lesion with fine retic,31in 
fibres within it (grade 1 fibrosis). 	Silver 
impregnation. (X. 100). 



Sec t i on V.

i g . 35. Guinea- pi g lung , 240 days aft er t he inj e ction
of 125 mg . of a nthraci t e coal and 2 . 5 mg . dead B.C. G.
L s i ons due t o 111e combined a ct i on of dust a nd or a nas ma
and composed of' thi c k and comp. ct ret i cul in fibr es
t ogether wi t h s ome col l agen (gr ade 2 f i br os i s , maxi mal) .
~ i lv er impr egnation . (X. 100 ) .



Fig. 36. Guinea-pig lung, 365 days after the injction 
of 150 mg. of anthracite coal  and 3 mg. dead B.C.G. 
Lesions much smeller and less severe than at 240 days; 
only occasional reticulin fibres are seen in them. 
Silver impregnation. X. 100). 



Section V. 

dig. 37. Guinea-pig lung, 30 days after the injection 
of 125 mg. of Kaolin. Diffuse exudative reaction with 
many giant cells, containing dust particles within them, 
and colected together in certain areas. Haematoxylin 
and eosin. (X. 100). 



section V. 

Fig. 38. Guinea—pig lung, 30 days after the infection 
of 125 mg. of Kaolin. Same area as Fig. 37. Mows a 
l000e network of reticulin fibres among some collections 
of cells 	(grade 1 fibrosis, minimal). 	Silver 
improgr—cion. 	(X. 100). 



Section V. 

Fig. 39. Guinea-pig lung, 240days after the injection 
of 125 mg. of Kaolin. Fine reticulin fibres seen in 
the giant cell collections, (grade 1 fibrosis). Silver 
impregnation. (X. 100). 



Section V. 

Fig. 40. Guineapig lung, 365 days after the injection 
of 125 mg. of :Kaolin. No increase of reticulin in the 
lesions beyond that seen at 240 days, (grade 1 fibrosis). 
Silver impregnation. (X. 100). 



3ection V. 

Fig. 41. Guinea-pig lung, 30 days after the injection 
of 125 mg. of Kaolin and .5 mg. dead B.C.G. Large 
areas of the lung show combined dust and infective 
lesions in which are loosely arranged strands of reticulir. 
(grade 1 fibrosis). Silver impregnation. (X. 100). 



oec t i on V.

Fi.g . 4 2 . Guinea- pi g l ung , 1 80 days af ter the in.i ec t i on
of 1?5 mg .. of Kaol i n and 2 .. 5 mg . dead B.e. G. Les i ons
s how nume r ous thick str ands of r eticulin arrp..I.lg ed in a
c om a c t manner ( gra~e 2 f i bros is , i mal) . Coarse
r e t i cula r f i br os i s of t h e alveolar wa l ls i n the neigh­
bou r hood of the l es i ons , is seen. Mi l d degre e of
emphysema . Si l v er impregnation. (X. 100).



--:r:ticin V. 

Fig. 43. Guinea-pig lung, 365 days after the injection 
of 150 mg. of kaolin and 3 mg. dead B.C.G. Lesions 
less severe than at 180 days and show a loose reticulin 
network (grace 1 fibrosis) with mild reticulinosis of 
alveolar walls. Silver impregnation. (X. 100). 
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GENERAL SUMMARY  

SECTION I  

STU,DX 04.1110 RATE4OF ELIMINATION OF VAR,IOUO DUSTS 
FROM 'LIE LUNGS OF RATS 	THE',1TIS4UE RUCTION'S  

PRODUCED BY THE 14 

A. 	QUARTZ  

CORUNDUM (ALUMINA)  

,AN 	COAL 

BIAMIAUS COAL 

ANTHRACITE + BITUMINOUS COAL MIXTURE 

C. 	RADIO-ACTIVE TANTALUM CARB;DE  

:he rate of elimination of pathogenic and non-

pathogenic dusts from the lungs of rats and the tissue 

reactions produced by them have been studied experimentally. 

‘ivartz and synthetic corundum (alumina) of comparable particle 

size (nominal size 0.3 - 1 ,u) and dosage were injected intra-

tracheally and the rate of elimination studio,. by recovering 

the dust left behind in the luaus at varying intervals of time, 

by means of chemical estimations. It was found, in both 

cases, that the main loss of dust occurred during the first 

60 days, when nearly 11-0'ti of the injected material was lost. 

Although the total recoveries from the lungs for quartz and 

corundum were so similar, the ptilmonary lesions produced by 

them were markedly diiTerent, the quartz producinL, grade 5 

fibrosis at 1)0 days, while the corundum produced no more 

than grade 1 fibrosis ovell a -  365 days. 	Fibro enic dust 



(quartz) moved to the tracheo-bronchial lymph nodes in 

greater amounts than the nearly inert dust corundum, 

particularly in the later stages. 

Anthracite coal from a South ,ales nine and 

bituminous coal from a Cumberland mine, both of similar ash 

content, were injectec in equal doses into the lun,s of rats. 

A mixture of equal amounts of the two dusts was also used. 

The tissue reactions %ere studied histologically at regular 

intervals, and the dust vas recovered from the lungs and lymph 

nodes chemically. 	The lesions produced by the three samples 

used were ideatical, being minimal simple foreign-body type 

of reaction without any fibrosis, up to 40e days. 	The 

amounts of dust recovered shuered differences, 304 of the 

anthracite being, lost from the lungs within 120 days, while 

nearly 5070 of the bituminous was lost over the same period. 

The recoveries for the anthracite-bituminous mixture were 

intermediate. The tracheo-bronchial lymph -lodes of animals 

injected with bituminous coal contained more dust than those 

injected with anthracie, from 300 days onwards. 

An inert dust - tantalum carbide - was injected 

into the lungs of rats before as d after it was irradiated, 

The radio-active dust was used in two doses of isotope with 

a half-life of 120 days. in viw activity measurements icire 

carried out on all animals and the rate of elimination of the 

dust studied, the uegree of activity indicating  the quantity 

of dust in the lures. 	It was found that most of the dust 
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was eliminated rather rapidly, there being only about 14L of 

	

tip total dose deposited left behind at 100 days. 	Neither the 

radio-active nor the inactive tantalum carbide produced 

fibrotic lesions in the lungs. 

SECTION II  

THE ACTION OF VARIABLE A1' 0U 	OF TRIDXMITE 
ON THE LUNGS OF RATS 

The tissue reactions produced in the lungs of rats 

by variable amounts of tridymite, a crystalline modification 

of pure silica containing 99/. free silica, were studied by 

injecting 12.5 mg., 25 mg. and 50 mg. doses inLratracheally. 

An electro-dialysed sample ,Jf the dust was also used in a 

25 mg. dose. 
TridymiLe was found to be nearly five times as 

fibrogenic as quartz which is also a crystalline modification 
of silica. 1.5 mg, of tridymite produced grade 1 fibrosis 

at 30 days, grade 3 at 60 days and confluent fibrosis (grade 5) 

at 300 days. 25 mg. produced grade 5 fibrosis at 60 days 

and 50 mg. produced grade 5 lesions at 52 days. Further 

purification of the dust by electro-dialysis did not reduce 

its pathogenicity, as maximum fibrotic lesions were produced 

just as rapidly as with the ordinary preparation used in the 

same dose. The reason for this very toxic behaviour of tridy- 

mite is not clear, although it is possible that the crystal 

structure of the dust influences its biological properties 

in some manner which is not understood. 
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3ECTIO III  

THE ACTIW OF Az4TH1 ACITE 441) DITUINOUS 00 AL 
DUSTS /JAF,D WITH A 'MALL AaOULT OF 

TEIDVAITt4 OA TH. UNUS OF HAT4 

The effect of sell amounts of tridymite 	dust 
which has been found to be very fibrogenic - when mixed with 

anthracite and bituminous coal and injected into the lungs of 
rats, has been studied. 

Histological studios revealed that 30 mg doses 

of anthracite and bituminous coal did not produce any fibrosis 

in the lungs or hilar lyn h noues up to a period of 350 days. 

1 	of tridynite did not produce any lesions in lun,s that 

were free of infection, whereas in those which, unfortunately, 

were found to be the seat of spontaneous bronchiectasis, 

fibrous lesions with some collagen were present by 300 days. 

The hilar lymph node showed fibrous lesions (grade 1) from 

300 days onwards. The mixture of anthracite and tridymite, 
and bituminous and tridymite, on the other hand, produced 

pulmonary fibrosis (grade 1) at 90 days, early grads 2 fibrosis 
at 240 days and fully -eveloped grade 2 at 300 days. 	£40 

differences iere observed between the lesions due to these 

two mixtures. 

Small a,„ounts of tridymite are probably eliminated 

from the lungs without the production of any lesions, and then 

give rise to fibrosis in the, hilar lymph nodes. 	1,ilien this 

same anount of tridymite is used with an inert dust such as 

coal, definite fibrous lesions result, probably because the 
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lymphatics are saturated by the large amount of coal dust, 
which causes retention of most o1 the tridymite in the lungs, 

with the production of lesions. 

THE EFFECT OF CORTISONA ON ESTABLISHED 
SILICOTIC FIBROSIS IiiTHE LUNGS OF HATS 

The effect of cortisone on established silicotic 

fibr,sis in rats has been studied experimentally. 	Rata vere 

given intratracheal injections of 50 mg. of quartz, a dose 

which has been found to produce silicotic fibrosis within a 

reasonable period. 	After 100 days, the rats ..ere divided 

into two groups and one uroup 1,reated with subcutaneous 

injections of cortisone acetate () 14g0) three times a week, 

the other group remaining untreated. The lung histology of 

animmls from both groups was studied at regular intervals, and 

the collagen content of the lungs and the silica content of 

the lungs and lymph nodes estimated chemically. Cortisone 

treatment was carried on for 200 days. 

Cortisone did not bring about the resolution of 

fibrous tissue in pre-existing silicotic nodules nor alter 

the pattern of fibrosis. 	The maturity of the lesions was 

also unaffected, being grade 5 in both treated and control 

animals. 	The actual aLiounrG of lung tissue involved was 

different, it being somewhat less in the cortisone-treated 

animals. Chemically, there was less collagen and more 

silica in the lungs of treated animals than in the cuntrols4 
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The tracheo-bronchial lymph nodes, on the other hand, showed 

more silica in the controls than in the cortisone-treated 

animals. 	It is inferred that cortisone retards the phagocytic 

transport of dust from the lungs to the lymph nodes. It does 

not have any appreciable effect on established silicotic 

fibrosis by way of modifying the maturity of the existing 

lesions or bringing about resolution; but it may retard the 

formation and subsequent maturation of fibrous tissue, since 

there was less total collagen though more quartz in the 

cortisone-treated rats than in the controls. 

SECTION V 

THE INFLUENCE OF COAL)  MINE DUST ALD KAOLIN  
ON AVIRULENT TURoRUULOUS INFECTION PRODUCED BY  

DEAD ORGAI3148' (B.C.G.) IN THE LUXUS OF RATS AND WILEA-PIQS 

Anthracite coal, artifidal coal--ine dust and 

kaolin were injected intratracheally in rats a id Luinea-pigs 

with and without suspensions of killed B.C.(., in order to 

study the influence of these dusts on avirulent tuberculous 

infection. Killed B.C.G. as also injected by itself. 	The 

lung  histology was studied at regular intervals. 

Dead B.C.U. produced nild reticulinosis in both 

rats and uuinea-pigs up to )00 days. Lino dust .1.oduced no 

lesions, while anthracite coal has also beeh found to be non,. 

fibrogenic. Kaolin by itself produced no more than mild 

reticulinosis in both animal species. Dust and organisms 

combined produced far more fibrosis than either alone over the 

same period of tirder and the mixed lesions were very much like 
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those found in humW1uns with progressive massive fibrosis. 

Coal-wino dust and B.C.G., and anthracite and B.C.U. were 

similar in the reactions produced, the lesions reaching grade 

2 fibrosis between 130-240 days in boti4 rats and guinea-pigs, 

and then regressing. With kaolin and D.G.U. the lesions were 

more marked in rats than in guinea-pigs, reaching grade 3 

and grade 2 fibrosis respectively at 100 days, and then 

diminishing in severity. io satisfnctory explanation is 

available for the partial resolution of lesions after the 

peak period between 180 and 240 days. it may be that the 

stimulus producing the lesions, being dead organisms, would 

not have exerted a continued action, unlike live organisms 

which are known to flourish in lesions produced by dust, thus 

providing the continued stimulus necessary for the progress of 

fibrous lesions. 
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CONCLUSIONO 

Biological experiments have been conducted using 
various eineral dusts, with a view to studying their patho-
eenicity, elimination from the lungs, behaviour when used in 
combination with infective agents and other aspects of the 
lesions produced by them. 

The rate of elimination of a dust from the lungs of 
experimental animals does not seem. to bear a definite relation 
to its pathogenicity in the period immediately following its 
intreduction, although in the later stages the movement of a 
pathogenic dust, such as , uartz, from the lungs to the lymph 
nodes seams rather more rapid than that of an inert dust like 
corundum. 	Anthracite coal is mera slowly eliminated from the 
lungs than bituminous col. 	Radio-active tantalum carbide is 
rapidly eliminated from the lungs irrespective of the dose of 
isotope injected. 

Tridymite, one of the crystalline modifications of 
pure silicat is very pathogenic when introduce into the lungs 
of rats, producing NaXiMUM lesions in a sort tire, and being 
almost five times as nathoeenic as ,alartz. 	The marked patho- 
genicity may be related to surface pronerties, or it may be 
due to tee crystal structure of the dust which influences its, 
biological properties in a manner not fully understood. 

Very small amounts of tridymite do not produce any 
lesions in tee lungs although they do so in the hilar lymph 
nodes. 	The same amount used rith coal, which is non-patho-
;enic, in rats, produces pulmonary fibrosis, due no doubt to 
a slowing up of the lymphatic transport of tridymite from 
lungs to lymph nodes caused by the coal, and leading to 
retention of tridymite in the lung, where it exerts a fibro- 
genic effect. 	Under normal conditions this amount is cleared 
from the lungs to the eller nodes. 

Cortisone has no significant effect on established 
silicotic nodules in tee lungs of rats, as far es the maturity 
of fibrous tissue is concerned; nor does it bring about 
resolution of the lesions. 	Collagen estimations indicate 
that there is a lessening in the actual amount of fibrous tissue 
formed during the neriod of cortisone-administration as 
compared with controls. 	It is unlikely that cortisone would 
be of any permanent benefit in silicosis. 

The combined action of dudts such ,s coal, coal-mine 
dust and kaolin, with, killed 	produces 'ore fibrosis 
in the lunes of rats and euinea-pigs, than any of the dusts 
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or the organism by themselves, in the saLe period of time. 
Despite the different degrees of susceptibility to tuberculosis 
of rats and guinea-pigs, the reactions produced by dust and 
avirulent tuberculous infection in their lungs are essentially 
similar - one enhances the effect of the other. 
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ABSTRACT OF THESIS  

Various mineral dusts of known particle size, 
solubility and composition have been used intratracheally 
in biological experiments for the purpose of investigating 
their pathogenic properties, elimination, antidotal action 
and relation to infection; the reaction of the resulting 
lesions to drugs has also been studied. 

Comparison of the rate of elimination of a patho-
genic dust, which produced marked pulmonary fibrosis and a 
nearly-inert one which produced only mild fibrosis, did not 
reveal any significant difference. Different types of coal, 
however, differed in the rate of elimination while producing 
identical pulmonary lesions. 

The pulmonary reactions produced by tridymite, a 
crystalline modification of pure silica, were remarkable. 
Severe lesions developed very rapidly and the dust proved 
almost five times as pathogenic as quartz. Very small 
amounts of tridymite disappeared from the lungs (partly into 
the lymph nodes) and produced no pulmonary lesions, but when 
used in combination with inert coal dust, fibrosis developed, 
the coal having no antidotal effect on the tridymite. 

Cortisone was not found to have any appreciable 
effect on established pulmonary silicosis from the point of 
view of the maturity of fibrous tissue formed during the 
administration of the drug, as compared with silicotic 
controls receiving no cortisone. 

Finally, the influence of coal, mine dust and 
kaolin on avirulent tuberculous infection produced by dead 
organisms has been studied. From the results it 
evident that dust and organisms together produce more 
pulmonary fibrosis than either factor alone during the 
same period of time. The mixed lesions due to dust and 
infection were much more cellular and the coal dust much 
less loosely packed than in the lesions due to coal dust 
alone; they had the "granular" appearance which is rather 
characteristic of many of the lesions seen in human lungs 
with progressive massive fibrosis. 
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