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_Jhagocytosis, Mucous Flow, and

o«;lhary Action

0f 11{C. HILDING, M D. P.D., DULUTH, MINN.
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}T‘he following presentation is a discussion
the physiology of the defense of the respir-
LS pry tract against inhaled particulate matter,
RS ]ﬁcthtr living or nonliving. The physics uf

e ¢. JPOSIliON in the tract has been described by

:Cmv: ners.3?

nnag Noee

: .1natomy —This defense begins in the nose
red.

s Fie- {veptance into the lungs. The nose is about .
Stami.
- at the nares which lie practically horiron-

Iw
: llv and are very narrow. The exit is at the

ron a-
L. Ar
“.h width. The roof is arched; the floor is~.
e fit. The nose is narrower anteriorly and

wite narrow and cause the air to flow m flat

olies in the septam and turbinates. Pre-
mnably the size of the air-flow is adjusted to
2cet varying atmospheric conditions,
Physology —~—Inspired air flows in & jet-
e stresm through the nostrils, upward and
nck. peseing above the level of the middie
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turbinates, then arching beck: md dnwn m
the nasopharynx and larynx. (Fig./18 and = ~: SN

"Inich acts to prepare the inspired air for = -

> cm. long and S cm. high. The entrance -

‘wanae, which are larger than the nares each <3: m
easuring about 2.5 cm. in height by 1.25 em. “MM -

ordinary re o

mﬂ*mw, '_
rteriorly and wider in the middle. In cross .%o
«ction, it is triangular in shape, being wider W"

dow and narrower above. Most of the space Wi&f ottainihg (Pl
. filled with the turbinates which, with the mhwww .
entum, form narrow flues through which the ~1s76 ¢ s
T flows. (Fig. LA). These flues are normally . ;mw T

heets in such manner tht no portion of the smwm
sretream is very far from the moist mucous . Mw

anket lining the air spaces. The width of - ’
Ye air spaces is adjustable by virtue of swell dmgu&t“
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Farther back-on the _very welli

skin.

alr is first feit, the epithelium is noncitinted ;2.

it is many cells deep and is layered

Maﬂ&ﬂt

septum, ar spaces most exposed to sir flow, . .Sow. through: the sinuses, «+-=.*

Filkce
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colunmar and -rela-:

.

the epithelivm becomes

l:m'm

S vchangesiRs - ‘
cilia are well deveioped but, where mostax- . mout: Kisgthe:epithoNum and. endothet
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posed, are apt ©0 appear muth-esten. “In-the . the hungsdistal 10 the respitatory
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~HACOCYTOSIS

The air flow of expiration follows a some-
o hat different pattern and, for our purposes,
+ uf lese IMportance.

(Hrary Action—CLleansing Mechanism. —
W nose prepares the inspired air for the
"me. Much particulate matter is deposited

. the nose, especially in the anterior third,
wnce it is carnied down and back into the
ranmx and eventually into the stomach. The

\mmchuthegphtyux.nt

flow takes place through ciliary action. In
the anterior third of the nouse, where there
are no cilia, secretions seem w0 be remover
through traction by the cilia farther back.
The flow is relatively slow, ! to 2 mm. an
hour. In the posterior two-thirds of the nose,
the rate of flow is 8 to 10 mm. a minute.
The direction of fiow from the anterior, non-
ciliated aress is into the meatuses under the
turbinates. From the medial walls of the

. turbinates the flow tends to be down and back
r._lndulptwdndemdermeunrgmfofdn
turbinates into the meatuses (Fig. 2).5From

the septum the flow tends to go back and. oo
ﬂ\eway,wmdnﬂoorhmlly,vindinz
upnhomderthe'mfenormrbuute. At the
aowmmmmgw—n.m
ammdtbeemdummbe.mdmumed

by mmedarmfdo\m mm the -esopha-
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co«!ing‘b,m ‘By ‘the time ‘the
iS’ practically at

bodymmcmxid\eradingut}n
~otip of the\nooe»u -201" S

e Humeds mmmélunnent\"is
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' reaches “the: pharynx;¥it"is ‘peactically¥satn-
rated.; Since we breathe st jeast: 10.000 hiters

- ench -day, tm.mumfﬂm~a ‘ considerabie
_ amount of heat st be radiated from the in-
mm&oﬁ;ﬁemm;m&e
amount of water evaporated throagh the mu-

. cous blanket.. Atiordinary room’tempera-

tures, and at usoal Bundidity, thearuwdto
mxmwmma
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- WWI—M ares of the

trachevbronchial tree at - different levels is
about.the same.!T In other words, the com-
bined cross-sectional ares of the 2 main bron-
chi is about the same as the crose-sectiomal
area. of the trachea:and, if coe proceeds to
_subsequent divisions, the same relationships
to hokl true, at least (down to brunchi
1 mm. in diameter. Distal to those, the
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cross-sectional area begins to widen rapidly
and eventually becomes very large. The area
of the lining mucosa, on the other hand, in-
creases with each subsequent division. The
trachea is about 5 cm. in circumference. The
2 main bronchi together are about 7.5 am. in
circumference and, with each subsequent divi-
sion, the combined circumferences increase,
as does the area of the lining mucosa. By the
time one reaches the respiratory bronchioles,
or terminal bronchioles, where the cilia begin,
or end, (depending upon the direction), the
total combined circum{erences of all the tubes
at that level is very great; probably meters
in extent (Fig. 3).

Lining E pithelium.—The lower tract, like
the upper, is lined by ciliated columnar epithe-

lium, surmounted by a mucous blanket. The -

cilia beat in coordinated, wave-like move-

ments, about 1,000 times a minute and move -
the blanket, like an endless escalator, upward _

toward the larynx and pharynx. Here, the
blanket turms downward toward the stomach.

Cilia.—The cilia beat with a purposeful
stroke, something like that of a swimmer's
arm. From a more or less rigid, straigit up~
right position, the cilia forward
through an arc of 30° or 35°, and then bend
to make a stroke of recovery. The rhythm
is about 1:3, ie., the effective stroke takes
only one-third as long as the recovery stroke,

The cilia are not under nervous control.
How they are stimulated to beat and how
they are coordinated is unknown. When bits
of epithelium are torn loose from their posi-
tion, and kept moist and warm, the cilia
continue to beat. The cells may be separated
one from another, but the cilia of a single

roll v il mremtimiie A haat Fean 2 sinele P‘"ﬂm

will beat if torn away from the ceil, jn-
it has its rootlet and a bit of cyiy

attached. Some believe that cliary act.,
controlled by acetylcholine and cholim-
ase 3 others 7 attribute it to serotonin.
method of stimulation and control ha.

been established. In isolated bits of cii.
epithelium in vitro the aliary beat o
slowed or stopped by cooling. It is p-.
actually to freeze respiratory _epith
briefly and have the cilia revive and beat -
thawing. Movement of the mucous blanh-
very susceptible to drying, i.e., it slow«:
excessive drytms, and the clia eventr
stop beating. An increase in pH to ab:
mwmmulazeﬂtenteofdlnrybah
a decrease to below 6 to-decrease. the'yv-
However, in vivo it is doubtfulﬂutan' &
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w’hm-

whtﬂnmwmofgmp\ndwn ;
tip of the nose—whether 300 For. —40! X
by the-time the'sicireaches thefpliarymX ¥ :
practically at body temperature and saturs’
with moisture. Great extremes of dryne *
temperature -might conceivably have ~- -
eﬁmmwmdhm“
[ sm unaware of ‘any determinations «% °
As the mucous blanket flows alony. -
forms a sort of upeide down river. Begint:
in the respiratocy broachioles, it move: © -
upward and ever into & progressively ~
rowing streambed. It begins in a strear
nerhans meters in extent and, by the tr:

o
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aches the trachea, the streambed is only
) mm. wide—the circumference of the
achea. During its progress, just as a geo-
aphic river meets obatructions so does this

L

enings of tributary bronchi, these openings
::22’ obstructionr:', like islands, and the
ww must pass around them. (Fige. 4, 5A
od SB and 6A and 6B). At the upstream o
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areas might be likened to shallow sand bars TR ;‘__"-__ -
under a flowing geographic river. The mucous v 498 o N
blanket oes not necessarily stop upun them . - oo w,,‘i Aot
but is dragged across by the cilia sarrmnding, . ’3“‘- f‘-&"-' et e
the area. From the standpoint of physics,’it . .« ;}f“
would seem that there would have to be slow-" ;
ing at such points. Sqmmsmeuphuam,m
thetnd\eadoesnotnentobeum'
umtbemmbmd\imhoqhntdouocan‘
'I'heteare.ofcomse,mhnd!uortrib\m'y
btmchuaamguobmmm.mMob-ﬁ _
mm&mdbyﬂnmummu Flc-ila-l“ : .&:ud-e

at the transversely placed vocal cords, the ) - im art “'"‘"
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mearme tha hanleat 1 that dirartinn Jnetend
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L. B The data are very unxatisfactory, but,
.wh as they are, they indicate that there is
\ progre<sive increase in rate of flow from
+ne small bronchi toward the trachea and that
‘he mucous hlanket also increases in depth.

Rate of Floro.—In the trachea it is about
10 mm., jurxtibly as high as 15 mm., per
minute, whereas in the smallest tubes meas-
ured it is only | mm. or less per minute, It
«ems almost impossible that such a rate of
dm as 15 mm, can be attained by 1,000
~cles per minute. Even if the cilia were
~dective for their full length of Sa or 6,
thi« woukl account for only 5 or 6 mm. per
mimuate, and the alia are by no means effec-
e for thetr full lengths, The effective stroke
+ probably only 2a to 3a in length. The
answer seems to lie in the fact that the blanket
« meved by the effective stroke only (not the
ke of recovery), which uses oaly one-
Lwrth of the time of the cycle. Also, during
he effective stroke, it is likely that the blanket
i« in eontact only during the peak velocity of
the active phase and not 30 much during the

«

According to Morrow,*® the factors con-
trolling deposition of particulates from an
sir-stream are gravity, inertia, velocity, diffu-
tion, and the viscosity of the medium. The
density and the nature of the particles are
also involvell. A very dense particle is more
susceptible to the effects of gravity and
inertia, Hatch’s work ? indicates that practi-
cally 100% of dust particles, 10s or larger
and 80 of particles at Sa, are depositea n
the upper respiratory tract. ( Hatch coasiders
the upper tract to extend down to the respira-
tory bronchioles, stating, “As s minimum,
we may distinguish between 2 significantly
different rones of deposition: along the upper
respiratory tract, down to and including the
terminal bronchioles; and within the pulmo-
nary lobule.” The latter is, of course, below

the ciliary stream.) Then the retertion drops -

off to reach a minimum of 20% to 30% at
025, to 0.50, below which it increases again,
returning to 609% or better for submicro-
scopic (less than 0.10x) particles. The reason
forthaedmguhumthefactthtmwty

mmudm:nmdmmm‘\ﬁw ‘o the{larger’ pasticles:
mucous blanket is tossed from cratbcrut""’ﬂ!e*mller

«f the waves, 30 to speak, and is in contact . pmb-h‘hm
vmh the underlying cilia only at the bnd MMuMpbmmme
ofpukvvbcﬂywmmeymdn bined* Mmm%

stromgest and most rapid “kick " The blanket -
“Mogmmmmw~
taken: oveeDiffusionincresses:

thes"moves contintously and does not stop:

and start (like a cinema film) with the thrust A%
and recovery of the cilia (Fig. 8.) ' ummmmo.zsmmwg
Deposition.—Although most inbaled par- -~ Cigereite Smoke.—~Cigarette smoke, prob: .
Heulate matter is deposited normally in the “ably the greatest pollutant of all, bypasses the -

mse, some of it gets past the nose and into - |nose. It s taken undiluted into the mowth and: -

QMWMumw’MfduMMMW
arbon particles in the fungs of all aduits.” “spired air~through thefnose,” as-it: passes.'.

~ through.the pharyux. Some smokers inhale-

F==Supa== - gmoke in concentraced form without diluting

{,"/// *Z it with the next incoming air. They will take.

‘ MWMWM'MM

QIE/[77]".- coening the: moath, wil guip » decp bresth

: of air through the mouth, driving the con-

centrated charge, right down into the alveoli.

variations in the manner of

o 2 lnyers: » desper, monviscid
*“JIWWKE.MMﬁMW
mm*m“uwmmmumw«m

wpper
fow and the lower the direction of the
Preeress in the cille. The muroms blanket io- - taken M = .
.,.'.".""“"..,,,’,ﬂ'_"_}_""{‘_'?;'*."'"f”f ‘dlh r:: In. Generel ~In the lower respiratory
T ) t=m Aapneition seems to be a little greater
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in the proximal part of the tract, the larynx,
and around the carina,® but the total amount
deposited is probably much greater distally
where the surface area is greater. Also, the
initial deposit is probably more concentrated
in the distal portions than it is in the traches,
because the depth of mucus on which it is
deposited is so very much less, ie., the
mucous blanket is so very much thinner, For
this reason, as the ciliary stream flows up-
ward, carrying the deposited material with
it, the concentration of this material, unless

it has been absorbed, may become very much-
greater in the main bronchi and the traches - :
. contact is made with material to be engulifj®

than the initial deposit there.
Air Pollutants
In discussu.g air pollutants, it is essential
to consider their solubility, toxicity, and other
physiochemical characteristics.
Chemical compounds which are promptly

absorbed perhaps may not return to the ciliary
stream or may return in reduced amounts.

Those which do come back may dissolve
slowly or act slowly on the underlying cells."
This situation is postulated for carcinogenic
compounds. A wide spectrum of known
materials have a slowing effect oa the ciliary

action,® 0 that, in addition to natural ob-.
. structions to the mucous flow, the stream it-

self might be slowed in certain areas or its

chemical compounds. Long ago we demon-
strated that blowing a little cigarette smoke
over a solution containing ciliated epithelium
caused the cilis to cease beating.!®* This ob-

servation has been confirmed by other” iy i insimate mixtureof coal'snd hemmthERN |

workers who carried the studies even fur-

ther 14
Phagocytosis
Phagocytosis has been studied extensively.®
In Gemeral.—1t is defined as the engulfing
of microorganisms, other cells, or other sub-
stances by phagocytes. Phagocytes may be
fixed cndothelial cells or free, wandering
cells. The origin of the wandering cells has
not been determined to evervone's satisfac-
tion.? Some believe they are mesodermal in
origin,? others that they are ectodermal, and
*Ref. Notw. 232,10 30, 12, U 33,10 41 43 &

- forms- to-sccommodate‘the: mm

. . . substancessand¢found*trypan- blitre,” cemen 3
entire extent by the action of contained” bite, :

" Orr therother hand; Hepplestor ¢ recent S
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still others that both sources give n
phagocytes 818840841 [ the lung, for inu -
Macklin believes that the so-called pneun
cytes (dust cells, macrophages) originar —
epitheliom on (ne walls of the alveoli, w =
he describes 3 types of cells. Macklin o§-. -
that the poeumonocytes never leave thef, __
passages and are not to be confused « '
phagocytic histiocytes that originate in ahq -
Be that as. it may, the process of emy
 ment is agreed upon. The surface membr.
of a phagocyte is of an undulating nature . &
forms indentations, folds, and ruffles.®™ \WHy5:

B
b |-
4

- —~dust partides; for instance—an mdentas

:. fold develops that:covers'the indentation =l fi}="
fuses with the cell'membrane on'the far si @ &Eic.

. The indentation pinches 'off ‘and”becomes § %]

vesicle or vacuole within the cell.” The walli{
..the same: structuretas the cell walls and \
_ composed: of+3. layers, 2°denser ‘ones with @351 .
Phagocytic- action? may be blocked und ¥
certain circumstances. For instance, tub P

- bacilli are less icked up by phagoc :

%.
FESTY -

gulfed.’]oymr""medi‘mbefoﬁﬁﬁem .
B

£
3
o i

P SN

'y
.

silica, coal’ dust; and “Indis” ink’ effective. +§
that order, in blocking the uptake of ‘tuberd-3

- reported that single macrophages might « ‘ -

’l
:
8
late matter is deposited tn the ungs, some + TR
- eliminated via-the air ways and some \u S3%°
interstitial tissue and the lymphatics. Mo~ v -
texts on pathology ® maintain that ail elimina-
tion is carried out by phagocytes. The gen
erally accepted concept seems to be that the
phagocytes leave the capillaries or interstitia =
tissue to enter the air spaces, where tho
pick up foreign material and reenter the ir
teretitial ticene and procead i1 mueh the o
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‘gulfing cells, Particulate matter may be

#ALOCYTOSIS »

witics to the lymph nodes. Macklin and
/.« take exception to thiz concept. The
mer describes sma!l pores or “sumps”
yough which particulate matter may enter
- «ues, (Gross states that the basis fur the
Anigration-immigration concept is far from
aincing. He has demonstrated expen-
-entally that dust particles may leave the air
aces and enter the intercellular spaces with-
.t the agency of phagocytes. Macklin
.aintains that the “pneurmnonocytes” origi-

«1e from the epithelium and never leave

pleston '* such inert particles conmtirrue to
move in and out of fibrotic nodules via

phagocytes.
Sammary

The nose acts as an efficient air-cleaning
and air-conditioning mechanism. Much, per-
haps most, particulate matter is caught in the
nose and escalated back and down on the ' -
mucous blanket by ciliary action to the “in-
cinerator” in the stomach. The character of ~-
the lining epithelium varies with its exposure -
; to the inflowing air. The mucous blanket is
‘he air spaces and passages. He thinks - produced by the epithelium and varies in -
‘hat particulate matter may be carried into the viscosity - and . probably, m:’ chemical--
nasues by phagucytes but that these are histio- ;- nature according to circumstances:: The dense -
.vtes of mesodermal origin and are not to be: “pollutant cigarette: smoke, . umlike most other'™
anfused with pneumonocytes. * pollutants, bypasses the: entirely. <
matter is removed by phagocytes wandering /¢ g accomplished by the mucoas blanket,” .
up from the alveoli to the respiratory bron- *M(W%WWM&&‘M‘&
-hioles. LaBelle and Brieger 3 developed 2 ¢ ey the'ciliary’stream. From. respiratory~.- -
wethod by which the number of free hago-rvpachigles to bsophagus, the streambed-nar-2-
They found that the amount of dust elimi- - . & 4 w increases as the streambed nar- -
matel was proportional to the number of _ oy The ciliary stresm encounters a number -
rhagocytes present. They concluded that.. ¢ ppryray< occurrings obstroctions in the :.
'mnsport of particles by phagocytes is the: “ ¢,y s oruamous¥islands; bronchial open-=
trimary mechanism by which inhaled dust: ;g 4ad the vocal cords. Retardation of the:
jarticles are eliminated from the lungs. "™ i, 0y yreamimayvoccur‘at such:aress and S

WWhen the phagocytes reach the headwaters 1y, bg enhanced by;cigarette smoke or other<.
»{ the ciliary stream, many disintegrate ™ "...; noliutants which'slow-or temporarily stop ;.
‘epositing their load to be carried away on ‘ ciliary action;: facilitating, prolonged. action -
the escalator mucous blanket. Many phago- ;¢ 4 nyicarcinogen inf the ciliarystream” st3
evtes do not disintegrate but are carried out " ... spots; .n-f{‘ R o
mact. ) Probably -most. of . the. particulate matter

The fate of particulate matter depends. p,¢ oaing access to'the atveoli and alveolar
upon its nature and the reaction of the en- :

bruken down and destroyed by intracellular<™ ’ . ‘ 1o the'is 2h
nzymes or, conceivably, be changed to more WSmgﬁﬂm intersti-
trxic compounds.* If relatively insoluble, X

Particuiate matter may be carried unchanged
‘haring the cell's life-time. The situation so -
far as the tissues and inhaled materials are
concerned, depends upon the nature of the
latter and the reaction of the former.

The concept that insoluble material in the
'rssaex lies enclosed either in lymph nodes or
m fibrotic- nodules unchanged and static is
it necessarily true, Acconding to Hep- .
3 Hildino

A. C. HiMding, M.D. PAD. Research Labora-
tory, St. Luke's Hoapital, Dulwth 11, Minn.
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that abut on veasels or bronchy, amd it occurs wathout

the aid of phagocyte cddls,
Da. Muoo: | would like to ask Dr. Ifilding
he can help us cut with the sitimtion in the vestibule

of the nose which ia supposed to be the place of
dlective localization of Staphylococtus aureus in
the carrier. Can you tell us a little bit about the
histology of the region and whether or not it is
reasmable to suppose that any sort of trestment
with antibiotics might have access t the staphy-
lococei which scem to be dug in in the vestibule of
the noee?

Duw. A. C. Hrping: [ have no special information
on this. The vestibule of the nose is lined by skin
snd staphylococa being on the surface and i the
surface cells ! think they would not be reached by
antidictics taken mtermally,

Dn Muwo: \What sbowt umnm’ The
drainage, | take it, is back away from the vestibule.

Da. Homxc: No, by the vestibule we mean just
this little skin-lined area in {ront that we blow
out © cdean. Farther posteriorty, of course, all
material goes back. When it has been deposited,
undess it s absorbed, 1t is reallv still outside the
body. It is on its way to the stor:.ch, where it gets
mto the body only if it is absnrbed

Da. S. Muvo, Chief, Microbiclogic Resenrch
Program, Veterans Admumistration Hospital, Uni-
versity and Woodland Avernwes, Philadelphia:
A serom would have difficulty in grining access to
anything in the vestibula, however.

Du Hootwc: In the vestibule itself, in this dry,
skin-lined area, yes. Farther back, it might, but
even there [ doobe it

Dun. R. E. Fosstee, Professor and Chairmen,
Department of Physiclogy, The Graduata School
of Medicine, University of Permsylvania:
ke o ask Dr. Hilding what he thinks is the normal
flow of the mucous sheet up the traches in a normal
man.

Du. Hosowg : The volume of mucous Bow is also
most difficalt 0 measore. The few available data
indicate & total volume in a2 normal bronchial tree
n 26 howrs of the order of 10 mL | did some
experisnents on chickens which consisted essentially
in the creation of 3 barrier to the ciiary stream
withowt interropting air flow, At the end of the
operstion, the skin was closed and the bird breathed
normally, bt all of ‘he cscous flow collected at
the barrier. These cricikens were operated on in
pairs and, at the end of the «peration, one was
immnediatety killed. The experiment was termimmted
st the end of an hour and the collected mucus
recovered and weighed. The live birds produced
an average of 23 mg. in an hour, a rate of half a
gram in 24 hours. For some resson which is not
clear, the dend ones averaged exmetly twice as
much, 46 my.

ARCHIVLY OF ENVIRUNM LN . L.,
Dw. Fuastra: Have you made amy oiee,
on fibrosis’

Duw. Hitang: Nao, | have only had oce.
make one single measurement in 8 hurmg i
in & nurse who had a laryngectomy some i
before. One could not know if this is the , H
volume. Over & period, [ think, of 12 - :
made collections in Kleenex that had been «. }
wmmwnmmu,. i
she produced at the e of 10 mi in 24 houry.

De. Muso: Although Dr. Brieger fon I
evidence of any selectivity in phagocytosis b -
uranium oxide and silica, if you go into the .
aase of becteria, there is tremendous diff- i
between bacteria which have a film of phagoq- ]

. more complex problem. Imminaeddu&n '
‘%0 evidence that the chemical comtposition sr:: J e
investigated materiale inflwences pbagocytons. - Co e
- mmmn-uavmmn.-éj R
Ave., Boston: There is-an-aspect that bas- m¢ ¥ T
mumwmum\,,_
a8 it hes i other work and that is that #¢ e/~ ~ .
MMM*MMMM‘"'
are taken up by the reticuloemdothetiom is g -
Mbynmh@dnmhd.&m««
the partiches.. ‘ Snus L
D Barsoss fw'aiyu. YA
Du. Fareciune: Xvnldﬂhetmlimuw

¥

to either Dr. Brieger.-o¢ Dr. Gross, and mer - 1

Dr. Hilding can shed some light on this toa \\;;1-,(
is the mature of oil Glm, that is. inhalation of oil-. i
partices? We have dowe a little bit of work + ,“S":

this, and our pathologist has had much L
m»mmwotmmw‘rf

mmnmm»mum =

i

that )
membrane will gravitate down and fow over -
mucous blanket down to the alwoli; (2) oxe
on the alveolar surface it is apt to remam
and (3) that it {s not :
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Jlate matter. The reriz~ why ol is resistant to
. \dar clearance mechanism is not known

v latrcem: In some personal experimental ex-
«r. | have noteet that liquid matenal in par-
.« 1orm is umahle to stimolate phagocytosis,
. 1t may be phagocytized.

tinpexo: Al liquids in & particle—in other
. 1.\ruck~ﬂ'm| liquids, Ntlrdleu of size?
Uawcrn: Liqnd pacticles, yes
we 19 Marning: Are they stuil cleared?

. Nawecen: [ have no reliable data on clearance,
1 Lrwew that they do not stimulate phagocytosis.
.marks referrerl to insoluble or onty slightly

", wlid particies. The fate of soluble particies
wte lifferent. Fither they dissolve and enter the

.«1 strcam, oe they combine with ccll Auid, and

« we have the interesting phenomenon that such

~. ~al may be kientified in the lungs much longer

1 winl material,

1w AvraracH : | would like to direct the ques-
(1 loth Dr. Drierer and Dr. Gross, and perhaps

~ \ orwald woukl also say something. About 30

#t vears ago n Sauth Africe, Great Britain, and

United States there were a number of experi-

1l combes on the mroduction of silicosis in
~.ale carricd out. In these studies, basically dif-
2ot amamals were exposed to different fibrosis-
+nemg dusts, and the resalts were almost uniform
v J countries. They were attempting to answer
» -1uews regarding the size of the particles, length

mtproducing dust was capable of preserving
"« «rL Therefare, as this dust was deposited along
"« ~ewr of the lymphatics, it would, through chemis
- | actiom, prorimce fbrosis. The improssion [ gained
" v marniag k that the action seemed to be predes
! rreemgnd,

' Vewrwars: Of course, the problems that were
' ereit mp this morning are problems which many
7 ms have heen interested in for a long period of

tirne, and many of them are not resotved as yet, Let
s consider the amount of dust altimately retained
in the lung and its sction on the lung. The amownt
taken out of the lung by the sputwm is of interest.
Once it is in the sputum, it is of reiatively little
imterest. Retention of dust is determined by a variety
of factors which reiate not only 0 the inhaled

" concentration of the dust purticulate but is tremen-

dously related to the size of the particles. This
should he kept in mind when spealdng of responwes
to phagocytosis ami particulate mmterial Another
parameter to be consider=d is the inheremt biological
toxicity of the partick’< _11 a particle has a jow
level of biological actini, v, ita ability to clenr from
the lung is much more rapid, perhaps, than thet of
the particle which has a high level. There are other
variable factors such as length of retention in what
[ call the stratégic segment of the respiratory tract.
In some of our recent studics, we have observed
rather rapid draimge of radiouctive particuiates of

find relatively early deposition in the tracheobron-
chial lymph nodes. It is clagsic, for example, %o

- observe in haman pathology that if an individusl -

As w0 -
Gbers and carcinoma of the lung, there are mamy-
cases of that. A word of contion is indicated with
respact 1o earcinoma of -the lung and the presence -
or sheence-of lmorgenic swterial or orgamic wa-

?i g g;
il
fika
il
W]

a ‘.t -
B WO S

‘4
~a oa

e R

<«

-
3

N 27 ' B RE HR
S ,.-.-‘.........-Wrmtn.fﬂ- .



