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studiss on pulmonary cancer in the experimsntal exposure
to berylliiume
BY DOCTCR VORWALD:

I'm sorry to say the report I'm about to give

smanates ro: the work of ny collesagues, particularly Docton

Pratt, and Mr. Durken, Mr. Delehant and Mr., Urban of ihe

Saprsnee Liboratorye Also, the second romark is that ihe

hour is lata znd a8 host to this conferencs, Ttm sure thatb
thaey will agree with ma when I cut my pepsr drastleally,
50 trhat T will nmot os o lonror than teor mluubas, 18 thate

Trird, I am not golng to bow to Lhose who vhauplon s

Luman axpsrinsntation versus salmal experimsntation becsuse

thaza coheasrvations are purely accidentale Thoy weran't
Tha saimals psrformed the expurimsnt for wus, snd
w8 hawe valatively 1ittle to do with it, except to place
them In an envipormment for othsr puUrPCSU3e

Beially thon, the veport iavolves,this pilot or
tantatize rozort involves sn axper’ At wrare 3 wors GX-
& groups of white rats to inhslaticn of aETOB -

T s ~ PR o - P 3 -
vhares conitanlinstsd wisth beryltlum in th form of pure

boarwllive oxi” - in anobtl.re Tucenimals, the white »&ts,
and I eall attenvlon to that, that these enimals are not

mies, were brsd Iin onr own stock wnd they come origirally

I S,

i
1

vorvliliua sulohats, in one lus.ancs, and . <00 form of pui

or are descendants about 1935 Trom the Worcester Institutle, .
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and no atte.pt has been made to inbreed or to sslect the

S I S

stra:n and the strain is subject to lymphosarcoma at a 1low
incidence rate which i8 not precisely known by us, becsuss
large enough groups of animals have nevor boen kept in a

duration of life erpsarimontes

411 rats undoer this obsorvation were fed ad 1ib
with a standsrd diet of pre.ared dog chow and watars Tha
rats were exposesd to pure boryllium sulphate in an amoge
posriec concentiration of 0011 milligrams par cuble foot of
aire The rats wsre Xopt thore undsr exposvure for ususlly
88x end & half to seven hours dally for five duys & week ond
the animals wnieh I will report cas, one of the observaticné
mads or ths obseirvations which I will report upen are made
vaon animals that have had that exposura continuously for
approximately thirtsen rmonthse

The first sli >, Jime &And, I will, rather izan

te show you all of thsepithelial changses that hiave gone on

in the Lror hial tree of thsse whits rats durlng i3 cOourse:

of thole exgosure, nawely, at one moath, at thres monihz, |

mnonths, ten months and twolvs months, I

AL TuRT

[, N 1 . R
~uwsly s ths fourtsen month o

here wore only four whilte rats loft in the experlicsnd

vooun of - well, in the zroup of rifteen famala
wnite rats tolng eiposod to Pasryllium suiphate In tha cone

cernivpations whlcn I nave givene At thirtorn and taree quarti:
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months, 1t was obzerved that ons animal s 111, and ao &B
is our custom, that animal was zacvificed rather taan to |
allow it to die, and we, on killing the animsl, wo obsarved
a very strange losion which we had never heretofcre obsarved

in our rat colony, «nd here is the groas lung of that rat,

and we sea that ther

to the verwllium thut ras bscome beryllium sulphate, that
has become lomallzed in i sse areas in the lung and in sde

dltion, we 8sn 2130 rather consclldatod areas, .3 s is

ona, and we can plck ¢ 18 ocute

Hsre ia caciror, and in this area here, and aiso

this lsrgoe tumoer muss at this points

Tha neaxt slide.
subsoquently thsn, having rado the
three renaining anlmals, remalning
peirinant, and I shall now shew you
remaining en’ uals and we hava lere
fourtssa months of
nor locallzned In thie 8apoXe

thoree, Wo can sae 1t 3n the lwyn,

D)

at that polint. UYUe can s

V]

I msroly takwe gelias in poin

v B ake Y
that ths ¢ mmoits sre el

hoere is & lsrger tumsr we

wricn 1s not included in ti:ls section,

axposure, the grossa

are parc-broncholar foel of rescticn

et 18 GR38 A7A5,
And, the sacond
chasrvation, killed all
in that par
the lunga of tha tirso

the Jung of & rat at
WWe can s¢°

WO C£An Ses # SRRl

iple witiin tne

1 was one -

1ilTe

a cns of ths 1o

4670

snlnal, nod,

tloulor ole

A

a3 533 oo

H
the small losion |

se & £xall lssion hers and nere and .

and wWwe ges 1t - thurs
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13 & serial ssction end Vo 598 the tumor in the lowest por-

tion cf that lobes Thnis 13 the mark whsre I have taken

the photemicrographe

The next slide, The third ang ages o, ths fourth

animale Mind Jou, all four animals having been axneuoed for

Tourtesn months to beoylt Lum sulphate, 0,11 millfipgpams psr
cuble foot orf aim, At twelva months, ws do soe rronouncad
oplthelirl hypsrplasia and I haven't hothar .4 to show yeu
those 8oetiens, Lut w did not bve.iove at the tixs nopr as
ue belliovs now that tnat epithelinl hyperplaasia hasa boocrg
eancarsus but et fourteon months, 1t has, That azain i3
another grogy g8Ctlon,

Ho show youn cne Cf tha larger tumcra, Here is
ano ther humop Luplantad on tre Mlenra, Hors 1a anothep
turor Impliantsd on @ pleuras srs is tures tueors ime-
£l ted on ths Pleura and we Quastion vhathsy this Liiop
is LUt Infiltrateq and replacsd by thre Loeehao=-bronchi. o
lyeph wods walcehn ordirarily occunlcs tha peolliferation
of ths lobe at this point, wa'ra not sure aboewd that, but

WD believe 1% hag m8ppenod, tocause thore 48 no evidensg

catlon of the brow hi,

I wily 0y ¢esd briefly *+o snhow s0u bt mlcrescopiao

el thsse ssecticns, LOW, this tho., is a secticn Lho sader
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graph fwom the major bronchlsl tree, and I call your atten-:

i
tion to the enlthelium lining the major bronchiel tras, !
1
calumnary in type, slightly hyperplastic and at scme points§

|

the sublucose lymphoid tissue has apparently broken thvoughi
which may be a normal obssrvation, arc here we see that

lymphoid tissue exposede I won't discuss that furthsre

i
|
1
there is a problem hare which I do not think pertains at the

rom nt, o our imrediate problem. !

i

Tne next slides. And, &8 woe go furtimer dowr into
the bronchial troe, we wo £ind fuel where a oresg-sschlion

of & resplratory bronehial made up of ppliithslial c2llis,
1isk at the muccsa, ovidsat hyperplasla, but ine .ditlon,
we siso find the adjacent alveolar spaces Wnich are Alitorie
;

ad by reason of the fibrous tissue or *ne eslluiar rooctlon;

of the alveolar walls, snd we find those alveolar spness

P e

iyiag with a very well defined oplthelivia which 1In 2astancoes

1s calwrmap, but in most instances 1s T e flat colloidal

t
tvpse This 1s common, a cosmon fiading In thea lung, subjeuﬁ
to chronic dissases which give risze espscislly to fibrosig.i
It 1z neen in human, in ths lungs of humsn suvd=- %
Jsets, as well as 1t 1s sesn in the lunss of oxpos Lnsntal
anlmals, Hare 1s the type of lagion whic™ use talink gimie-
lates tre lssion sseen in humsn gubjocts, walch characisr-—=
Zzc8 that lesion dues to the composition of Gexylliune Made:

up of large mono-nuclesr c21l: and very exacte I only
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point that out in passing, That 1s the lesion which we are
attempting to reproduce and we belleve that we have repro-
duced it in thease anlmal subjects, the rats, but not in auy

other animal have we produced a reaction. We Luavée producsd

P
{

a reaction aftsr in: -avenous injsctlc. in the rabbitse
Doctor Gardner f{lvst shewed hils with zinc beryilium aulphaﬁo,
a Be0 contont of 13,8 psrcsnt s-d subsequent to that time, i

we have carried on e large nusbsr of experimonts with vore

L+ S

lous beryilium compounds, and we have reproduced the similar

typo of ostsopenic sarcoma w'th matastasos €0 the lungs

with verdeus bhepryllium compounds,

Io paasing, I might say thet we wsre unszuccessiul
in producing these lesions with berylliuvm sterate, with
boryllium carbonate, with - I want to gesu the 1list iosre 30
beryllis sterats, beryilium carbonste was too toxle, 1%
wasnlt tolerated by the rabblis Intravencuslye. Boryilium
npydroxide and Daryllium matal; w8 have not succesded in o=

srodueing thls tumor in ths bones of rebbits, but we heve

Qone 80 with zinc toryltiwm sillicate, a 13.5 pasrce:. EsO,

18 pe.cent Be4, [ .3 pernent 290, We have done the scme

ving with pure Ea0 dsliversd intravenously in ravblitils,

Fsel

2n lower donseg, tha lowest do.:6 was 650 millipremse The

sape Fnine was sccompliszliod with beryllium phosphate, im

a dose of & Lijandrerd and two, 102,2 milllgramse. I say that

only bocsuse soms Oi ‘ou are interested in the dosage factcre
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So th: ¢ this eplthelial hyperplasla lining alveolar zpaces

is a cormmon Cinding, and I ar not goling to snter the dabats
g

at tho momont as to whether this re-splthallialization repre-

sents a hyper. s5ia of epltheliel to epithelium which nore

melly linos the elveolar space or whsither it reprssents

growth of epithslium from the ad joining respiratory passage

whioch wWe know 1 lined with epithellisn,
This then is the slide of the tumors, Now, and
1t 18 a dapnsit of s1l theas four animals, and we Tind haorws

3

two differsnt troes of tumor, one which is distinctly zdo-

noidus 1in t..» and one part of the sems tumor whieh is mors

alvoolsr ia type, tending to reproducs at timss abt the &i-
voolar arshibtociurs, Well, let us go on, &nd cxaming suild
of those twrcrse

And we'll concantrate, first, won the adencml-
Tous Lyps of tumer, that is the adeno~carcinoma seen in
ihose 1Anu3 sud lare we have & highepouwsr rmagoifleatiola

3402t 23 Lhe netsrogsnsous growth of this tumor %tlss

iy, thsrs sro nany cells whleh are antiplastic, thay ore

prg—.

lsroe, thsny are nyperteavnailce We can discover fore nmany

1

hypvricephlic flnuxos.

The 0oxb s 11dd, and taking yeour to = hilgher mag-
niftcatica because 1y attempt here Will be to show that
this cellular chanze, this tumcr is, uwe brliosve, a trualy

ney Lo form spaces adsnomatous in typs. Curtain

i
i
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malignant, and 1t has been submitted to other pathologists
who have reviswed the section. Again, a higher magnificae
tion, you cah see ths cell stricture.

The next 8lide, and still a highsr megnification
to show you the differsnces in slze an . staining cepacity
of these cellse No reproduction really of a aspecific pule
monary tissue growing in the tissue and &lso producing ime
plents or matastases go to tue pleural surface and maiasta-
ses also golng to the tranchoo-dbronchial lysph ncda,

The noxt slide, as to the elvoolar sitrveturs, ine

F ]

alveolsr ivre, indsad, this kas besn callisa Ly seus I oile !

rpagt to tha rospiratwy bronehlc-earcincna, ilie alvsolad
typo carcinome snd here we see a reprodustion of ths i
wmonary 2lvoolee 1lland with the wallgnent calilse Lnd here
a higher nagnification to show you the chacracter of ihal
salinler growthe.

Tha next slide, end still a highor mognifisallon

of ¢ellse This ia now Lining sn slveolar cpaes atd Lyper-
tprumatie, theve is not myotle fi:ure, excspt pessibly thak
may bs ond, I donitt rersaber tne sariluular de tall orf this

sectlicne

ha a8 -zcilon

raxt glide i3

i=pleat tumor, snd have it 1is tonding to

Reai R Ny
1.1 noXt

.;ajor tumor in the - with . the nulmonsry branche
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slids, and hors is the hligh powered magnification of that
tumor on the implant, the megalocytic lesion, and hare we
have covicus matnstases going on, extreme activity. Agein
note the differsnce in eslze and shape of the celis and the
hypertraumatic ricbr:ss of the nuclel, and the largs elzs
of ths nueleoli, all of which is characteristic for a true
CoNcoTe

Tho nert slide, and this then i1s thes area of %he
trochaow=prenchial lyuph node, thias 1s the large mass bound

at *hoe triferesii.n of Lhe trachoa and thwse meisly rapve-

|28

P
3048

eant serial sectlons bscause wWe wars leolkting for differs

+

in the gorwih of thls tumore

This mext 811 . shows you now thie tumor which kas
appzrently sonlaced the matastases too znd raplagad the ames
tirs trachso-bronchial lymph node and here sgain ws fse th
«maractar of ohe cell structurs reproducing Wie [lmay
Humers oosurring within the pulmonary trachsa, &nd wnls
tamor 13 highly vasceulsrizsd in the tracheo-branchial Lok
noedse i

Yith thet then, we huve now Wwith E»0, we have

auvb jectod snimals to DaQ, wurs beryllium oxlids 8xXpPOLUTSy
the concentration thsre -s-u approximately 32 nmllligumms por

upic foot of air and tho enlmals at that experirmant were

-
4

carvind along Yor only 2lsven and one third sonths, not lonug
wl

enough to raproduce ths ssme type of tumor as we rave ovzarvad
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with baryllium sulphate,

However, at this time, we saw similar apithalisl
hyperplasia in the bronchi ac demons trated in rats v a»
oxposure to beryllium sulphate, but we cen volnt out that

intra-trachenl injesetion of berylllum oxlde, wo have ropro=
i
duced the same kind of tumor on Intre-irschsal injeetion of |

boryllium oxide as wo have with the baryllium sulphats, and
also the boryllivm sulphate on intra-irachesl lajecilon,
thioss animals have gone for only olght noaiis, but the
anlnal killed at . .ght months also shows a aimilar spiithsla
18l hypernlasia ad 1ining of the alveolar spaces, aerd we

* i

suspect that th 9 animals with longer pericds of tlinas, when

&

they approsch the fourteen month poriocd, will show coupal

abls changeze

20, with that than, we bollisve that we have orow
ducad . a2 the white rat pulmonuary canc.> of o adenc=carcie
nomatous type, wilh watastases to the r asural suifacs and
to ths tpackas-bronchial I aph 1n0GGe We kave not as volb

chgseprved Alctent matastassse This, as I montbioned, 1s only:

b

pilot e:porirante Tre cbssrvatfon iz caly itontatives 1
it involves oniy four animals, but all four soaimels, 211
tha snimal- ram ‘ning in that inkalation euperinmant, &0 "%

have set up & very lar » exparimsnt in coder Lo o o0nlSd

and to velldate thase cobservaticnse

b
ke
o
H

Ye have avandonesd the sacrificlin
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at tho conclusion of the exposure, we Wwill have an adequate
mumber of enimals whicrh «will give wvallidity Lo our ob urvae
tlconse I should like to point out here also that thils 1s

e pilot erperinsnt, that thls has been producsd 1n whits !
rats,that this doos not mean that beryllivm will prodice

pulnmonary cancer ia haman subjocis. Thankk yole

(Lpplaune),

Shoads nas delegzatag nla suthority to m,

fincing it nosezsacy to go back to lsw Yorite it would sgaum
that Dostor vorwald and his colloaguss have p?e%
Apged rsal long nsoplasms in an enimal with which all of w3z
are Samillar, ad & spaeiss in whleh tho spontansous ocour=

rencs of rocpleins coems to be excessively rarse s and

nis coellosguss &re 0 be congratulated for this most timely
rosnort,  Tuy we have aone discussion? AIire thore sny Gues=

tionag whieh somsone would Liks %o azk?

.

Doctur Vorwald, this coni-

of air,

— e -
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The irira-tracheal was an injsction over a period
of four wouks consisting totaily of 2.5 milligrams or 2.5
cece!'s of 2 five percent suspensions

BY DOCTOR MIiLCR?

BY DOCTOR VORWTALDS

I will eback that, Doctor Bastjor, I w..it to ba

sure of that, I nave 1t hero,

Arae ihare furthsr queatlcin?®

Tonore & eliniclants ignc. anoce for me 0 ask kW

Loy

cld in a :sntz life a fourtcen month old rat is, how long de

P verny TN
BY DOOT0R ¥OomwAiDe
b =

Sur rabs seldom live boyond two years, 5o W LI

love this znimsl at fourtsen months, and that my He a

Tactor © at £i3ytrae apprcaching, thls sge pariod, whon thoy

me  2evalop pulnonary cancere

I w=ne trying to tremalate 1t Into the numbsr of
»sera that Immina have carried 2 body burdan of beryllliume

TRVZ NI
Y _DOCTOR

7:TDe

Well, I suppose fourteen months In a rat, to that

axposure, migat ve egnivalent to twenty-five years in 7 humiane



