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'."b'propertles of d'fferent naturally-occurrung‘part:culate pollutants on,: d i'iffrlﬁi
,Sthelr m3§OCIlLary clearance%lsémade dlffucult by the xnherent varlablllty

“[of measu

rd

’l;:.port rates; (fTR) measured wnth 6 dlfferent markers (230 measurementsﬂ%

.snmultaneously aga:nst TTR of a reference marker,‘_

: snological condntlons of the anlmal direct comparusons of TTR were f;;-

N ’i?'“*3; ; 'f .‘*f'} I,..f,:_!?}'sz';“N\;s\\'k%él' z.'lfi e

,-_A'B,STRA(;T» S RIRTURINRAPE:

The study of the effect of the dlfferences ln physncochemlcal ‘»f;']g¢ﬁ &

\

ements of mucous transporgsrates e Cantne tnacheal mucous trans-*jf]gl_;'

-~

'1n{were analyzed in lﬂethy:‘ilntinose breathlng, pentobarbltal:anesthetlzed t?rﬁitrf
,,anlmals to examlne lts:varlabnltty Mean TTR, as measured by e*ternaﬁ . ‘?{f'ﬁiii
*.:rftracklng of |lv or Tc99m labeled DowexR anlon exchange reSIH partlcl:;;. R |
. fwas lO h mm/mln Kn = 128 40 dogs) and ranged from~l 8 to 25 8 mm/mnn ‘j;ré fi
"tzwlth a coefflcnent of varlatlon of Sl% Var:ablllty of TTR was sumnlathszi"f.;':?7
: e LR SR
lf-for all types of markers analyzed ana sum:lar between dnfferent dogs ”1e,ﬁ3 - N
as wnthln lnduvndual dogs.v No dlfference between short term (one v'if ;fi f;fl@;ﬁfe

b'experlmental perlod up. to 120 mlns) and long term (3 months) varlatron ;{anéj,4'5‘

. was found Because of thls great varlablllty, a method that slmultane;'”'liélz 1;,

;ously tracked 2 dlfferent\lsotope labeued markers was used to study thel.giij%"f:fﬂ

"dnfferences ln TTR between 3 parttculate pollutants, ragweed'pollén (P) o lnreﬁ
(an organlc pollutant), and talc (T) and asbestos (A) (lnorganlc paﬁlu—:-fliafffgfff

f-tants) The pollutants were. labeled with Tc99 usnng sodnum pertechdb-ﬁngf{;dif

' tate and stannous chlorlde in HCl, and thelr respectlve TTh measufed . N

) 25. labeled DowexR'7

'ec anlon exchange resln partlcles (L) (lZ dogs/37 experlments) As mea— j;?{dsgf;

A

*osurements were performed under the same laboratory conditions and phy-' aff'“

N

obtalnedt No difference was found between TTR of T or A to L However,_;_i.

-',;;P was. faster in l3/22 equal in 5/22 and slpwer |n h/zz Comparison§ u»'ﬁ“w

(p«<0 025) and was l9 3+9 2 mm/min (mean + SD) vs 16 7+6 7 mm/mln forl h-

L ' RS RIS > %
B s ‘ l g e .
N ~ ’ .
. T
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T or A by inference,:

P appears to be transporgf

N

Th!s
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o
|$ consistent

o
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aster than L and faé?er than

itﬁ the hypbthests xhat dif-

v & ' -
ferences in the physacochemical propertles oflparticulate-pollutan;s may
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unfluence thetr Interactlon wnth the mucoetllary System and sult

v TR
dnfferences |n the?r mucouF q;ansport rates.--,”'
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~ PREFACE = -
' . Polvere fa danno.. P

- Leonardo‘da Vingi ~

';, Some flve hundred years ago, Leonardo da V|nc1 noted lu@g patb-

ology |n one of hIS dlssectlons He deduced that |n5p|red air could
carry dust .into the Iungs , lnha drawnng of this dvssectlon, he wrote -

.- &

iln has famed mirror wrltlng the. above notatlon, "dust causes damagef-‘

(94)' ' ";‘:.:_ S (% L T*ﬁ.~ S
o S S .
: o : .
Today, our concern for the probdems of dust and envnronmental

.

pollutlon vn general has grown ln step wlth our knowledge of the
dlseases they cause‘ Perhaps the most remarkable blologlc barrler that.
we.possess agalnst the envnronment |s that whnch resudes |n the respl-,
ratory system The normal adult breathes one thousand to two thousand
--llters of air a'day, presentlng hlS lungs WIth a varlety of agents '

‘present in the atmosphere These agents may belong to one of two

-

"tategornes, the non vuable and the vuable. Ndn- vuable aqents lnclude

gaseous: and partlculate pollutants, organlc and mnneral i sts, radio-

)

' actlve -agents and lons, ylable agents lnclude bacterla, vnruses, algae, =

molds, yeasts,»fungtly-and spores.v Blologlc defenses generally com-'

_pruse physncal and humoral mechanlsms,'and lung defense is also con-
sndered aIOng these llnes The mucoc:llary apparatus ls‘a uniqUe"
physucal defense mechantsm of the . lung lts lmportance in lung de-

‘ufense~was apprecnated by HlLdlng who wrote in 1943 (68)

Death may result from physuologlc fallure of any
one of a number of systems, such as the urinary,
clrculatory, or central nervous systems. Death
may also occur from fallure of the clluary system

A

e

yi}L
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"wrthln the respnratory tract, a fact whlch has
apparently received little, if any, attention.
~In certain diseases of the- lower respiratory -
tract,|gde cilia hecame destroyed and. cnllary
'functll‘rls lost. Secretlons collect, as a

- result, in such large quantltnes that the -
patlents die of asphyxla ,)

-

Lt

' The mucocullary apparatus |s an |ntegrated sfétem +nvolvnng
‘ the |nteract|on of cullary motlllty and the physncal propertues of

‘the mucus that covers the c1l|ated surfaces. The resplratory tree,

;wnth the exceptnon of few areas, |s covered by cnllated eplthellum

-~
R

from the upper airways - to the termfnal bronchloles Inhaled partl-i_

culate matter settlrng on these surfaces is transported by C|l|ary

iact|V|ty towards the pharynx where it |s swallowed

ThIS thesus attempts to add to the understandung of “the muco-
crluary system In partlcular it examlnes the transport of naturally-,

occurrlng partlculate pollutants by the mucocullary apparatus

vl
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"CHAPTER | .. INTRODUCTION

1. ik'lntroducing the ‘Hypothesis
Case e Background‘to_tﬁe_Probiem"
Mucociliary transport occurs frOm the interaction of ciiiary
actnvuty w1th the physxcai propertles of mucus and functlons to-remove:
'.particuiate matter from the surface of the resplratory tract 'ihe"‘
mucocnllary system and pulmonary macrophages play the maJor roies in-

-

the overaii clearance of particulate ‘matter from the lung. ,Their inter- -

bl

relationship can be summarized (Ryiander, 1966) (i37):

Pu1monary Macrophage = - | The Mucociiiary System
Phagoc?tosis | Cilia - Mucus

|
|

motility. - physical
l _ . properties

|

Mucocil.iary Transport -

Pulmonary Clearance

s

The'mUCOCiiiary system has been studied both in vivo and

in'vitro. Although culna (133, 149, 152) and native mucus that covers
cnliated epltheiium (i7 155, 163) have been |ndIV|duain investigated
the Integrated functioning of both entities is best examined in the -'

L,

study of mucus transport and mucocuiiary ciearance - Mucous transport

A

is studied in deflned anatomlcai sites, while mucocninary ciearance IS

studied through'tracheobronchial clearance of .inhaled particies (169) .

o
g



0
Mucous transport has been studned by observnng the movement of

' natural debrls present ln mucus (such as desquamated cells and air

lp vivo studies hav een .carrled out in the trachea of ChICkS (ldl,
rats (4o, Sh), cats. (15 3_; 7 90) donkey (5), shee (89) and human
nasal mucosa (128, lh3) and trachea\jSl 11z, 178) . Markers used in-'-‘
clude lamp black ‘and lycopodlum spores (30 57, SOX/ lndla ink (9, 67),
barium sulphate (159), pertechnetate solutlons (53, 102),'radlolabeled
resin beads (142) and albumin mlcrospheres (32 178) and‘macroaggregates

N (]74), and small teflon-dISCS‘(El, 140).

b. ~ The Variabilitv'oF.Mucous Transport.

d, The"canine trachea has heeh extensively'used‘for»the jIL!ﬂiEl”
- study of mucous transport (9 32 53, 67, 102, lhO 142, 170l iln‘ ”
'common with mucous transport rates studled in other anlmals and man .
(l69, 178), canine tracheal mucous tranSport rates tend to vary greatly.
Var usvunvestlgators have;alluded to this variablllty»(36, lhO 142
153; 178). leferent |nvestqgators usnng 'similar techniques have ob-
tanned dafferent values of canine tracheal transpont rates (Sh l02)
SOme of the reasons for this varlatnon in measurements lnclude the
inherent varlablllty of mucods transport rates within'the animal itSelf
(l9',36) fluctuatlons in degree of anesthesia (20,49, 89, Ll9) and
‘level of hydratlon (33), and irritation of the tracheal mucosa as a
.result of experimentation (]20) and changes in ambient laboratory con-'
dltlons (142) . The result is- that the tracheal transport rate in an

!

“Jf' anesthetlzed dog can vary up to 200% in a snngle 30 mlnute expertmental

[

perlod (36)



-

Thns varlablllty has ralsed problems in lnterpretlng experl- '

ts on canlne tracheal mucous transport For example, the effects
of a drug (52 lh7, l78) or of phys:cal therapy (33) on mucous trans-
. port\cannot be lnterpreted unless there ls‘% marked change in transport

\,,., o ' N ER
rates observed before and. after |ntervent|on Attempts to mlnlmlze SR » .
L thls have lncluded lnterpretatlons of the peak rates only (32 33), or

the average of a number of peak rates (Sl lhO)

ln order to determlne lf the physlocochemrcal.propertles of a
/marker may lnfluence ltS tranSport rate by the mucocnldary system, a
A method whlch measures canlne tradheal ‘mucous transport rates of two
‘dlfferent typesmof radio- labeled markers sumultaneously in an anlmal
has been developed (36) ‘As measurements are performed wnthln the same .
laboratory condltlons and‘physlologlcal condvt|0ns of the anlmal dlrect
/ comparlson ‘of . transport rates of two types of markers are obtalned |
‘This ha enabled study of the dlfferences in transport rates between

any of several types of dlfferent markers wnth dlfferlng phystcochemlcal

propertYes (36 9l)

o . T . .
c. _ The lnfluence of a Marker on Its Rate of Mucous Transport

Canlne tracheal mucous transport rates snmllarly vary between':
different - laboratorles In studtes performed on: anesthetlzed dogs,
Asmendsson and Kllburn (9) us;ng lndla unk as a marker obtalned a mean . k,'> B
tracheal mucous transport rate of 12.6. mm/mlnute whlle Marnn and 5ff';d;: [7d{ld;ﬁ
Morrow (lOZ) uslng drops of radloactlve pertechnetate obtalned a mean
‘ rate of l6 mm/mlnute Svmllarly Sakakura and Proctor (Ihz) usnng

technetlum 99m labeled resin beads, and Sackner . et al (140). using small

Y teflon dlsc markers, obtalned mean tr\theal mucous transport rates of



,';'lO.S.and;lSLb\mmlmlnute,grespectlvely,»

Among the reasons accountrng for these dufferences ln observa-“»q S
.,tl»

. tlons may be the nature of the marker used to measure tranSport rates
PR "I S : . EIRI :

G densnty,,solublllty, swrface charge and chemlcal surface resndues_thatf;
‘lnteqact with. mucus) and may therefore |nteract dufferently 3@th the"'b'

v
’ vmucus aéd/or cnlla of the mUCOC|l|ary system. Such lnteractlon may

lnfluence thenr rate of mucoc:llary transport and has been the subJecttj;

~

.‘of recent studles (36 9l) ‘ ,d ~"g:,’ s i;fj f ' ti : h' , ;!{;Qfﬁf:‘

' Inhaled naturally-occurrlng partlculate pollutants possess

:dlfferent physacochemucal propertles from those of experlmental markers/‘
The study of mucous transport usnng the latter would not necessarlly o ‘vfg.
lrepresent the s:tuatron |n whlch gh |nhaled pollutant IS transported
‘l3by the mucocullary system. Measurement of. mucous transport of the

'flndlyldual partlculate pollutants themselves is therefore of greater

"'__\ B I

Fial

relevance: - o SN B

Moreover, partlculate pollutants dlffer among themselves'ln'
thelr physncochemlcal propertles Th|s may sumllarly affect thelr _.
|nd|V|dual rates of transport by the mucocnllary system.. A partlculate

_pollutant that is cleared by the mucocvllary apparatus at a slower rate

.
- -

. than another therefore res:des for a longer perlod wuthln the resplra-'
tory treel, The result may be reflected for example by a greater
propensnty “for that pollutant to cause dlsease. Thns may partly ex- |
plaln ‘the” dlfferen%es ln the dlsease patterns causedcby dlfferent pole.--'
lutants in the Iung (176) Comparlson of mucous transport rates of

dufferent particulate pollutants ls therefore of lmportance ln the.>"
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understanding of the pathogenesis of pollutant-related lung disease. -, = -
e e . o o .. v . B "-'\.v." . N L ’ | T
C2. ‘,j'Statement of Hyppthesis.-'.. AN

.\.

Naturally-occurrung partnculate pollutants th t are inhaled

':t’are of dlfferent physncal and chemrcal natures. These dlfferences n"

~‘.

l[thelr physncochemlcal propertnes may lnfluence thenr nnteractlon wuth

.. the mucoculnary system, and be reflected in dufferences ln thezr mucous

“.transport rates, measured |n vivo.. - o R 7t~,'"f_ =
L !
30 Statement ovabjectjves- L R )

The obJectlves were to study ‘the two lnterrelated aspects of
"canlne tracheal mucous transport preV|ously dlscussed vnz |ts varlabll-'_'
'.|ty, and ‘the transport of naturally occurrnng partrculate pollutants,

in the follOW|ng way

-

1.. To document ‘and. analyze the varlablllty of canlne mucOus L
) : LW o

. transport rates, as measured usung dlfferent types of

L markers. PR '7‘7

l'2} ~To compare canlne tracheal mucous transport rates of three‘
‘1selected radlo labeled naturally occurrlng partlculate
, pollutants, by the method of snmulaaneous measurement .

T.Qf marker transport rates in the same an;mal (36) : L -

'14'. LT '.Ju’sti‘f,-.i.cati‘oﬁ br'study

(RO ] ‘ ‘ '
DOCUmentatlon and analysls of varlabillty of mUCOUS transport

.o =Y v

. rates was_performed to- examlne fhls aspect of mucous tranqurt;s lul

. S ey i I W
- ETOVlded baslc data that “was us ful wlthln thls studY for subsequent"

s }h«'l( «-xm W %’-’ T TR

. o iDL BRI g ". W, 4,(1&‘;
. | EE . M ) -
- - ..:. 7 o
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experlments on mucous transport and‘thejr 1ntarpretat|on, as well as

g .

. for” comparuson wtth those obtauned in other laboratorles (IQO, th)
C It also provnded an |nslght lnto the problems/lnvolved in |nterpret|ng :
: measurements of canlne tracheal mucous transport rates, as well as to'

"the reasons for adoptlng the- method of sumultaneous measurement of

v

: transport rates for the study of the partlculate pollutants

"_"‘. . - . ! 4\*

N

'f‘The method of'simultaneous"mea5urement»of-canlne tracheal

' transport rates of two types of markers wa's used in studylng transport
| ﬂof the pollutants as- 1t prov:ded dnrect comparsson of . thenr mucous
'_,transport, aVoxdlng the factors of differlng laboratory and anlmal

condltlons on the comparlsons As the retent|on tlme of a pollutant

ln the lung is partly determlned by lts mucocrllary clearance. and thus

- a factor ln |ts causatlon of. lung dlsease (176) comparlson of. mucus’j

ztransport rates of dnfferent pollutants would be- an 1mportant 1nvest|-'

v Yt o

o :gatton in: the stﬁdy of dlseases caused by |nhaled pollutants

P

“9
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*¢and deposntnon of naturally-occurrnng pollutants, the structure and

- ‘CHAPTER -1 | REVIEN'OF THE LITERATURE -

Three aspects of ‘the | llterature wull be reV|ewed Inhalation

Fal

s . /

KR f@hctlon oF the mucocullary system, and the study oF mucocullary

R transport

ve
o

I

,

-Inhalatlon'and DepOSItion of Naturally-occurring Pollutants

The constltuents oP the atmosphere dlffer regionally, depending

non naturFl lndustrlal and occiilonally therapeutlc orug:ns (48),-and

have - beep revnewed by Andersen (7) The atmosphere i's an aerosol. (113),

ite. a system of l|qu1d droplets or solld partlcles dlspersed in alr,

‘ small enough to have a low settltng veloc:ty and thus capable of sta-

blllty as an aerlal suspens:on (65, 73)

“
-

' Gaseous pollutants WIth a hlgh water solubalnty (e g. sulphur :

dtoxlde,‘ozone, ammonla) dlSSOlVe in Fluud ltnlng the mucosa and are malnly

.

removed in the upper alrways (l08) Deposltion of tnsoluble partlcu-

late pollutants in the resplratory tract depends ‘on partlcle sxze (65

.7l; 157) and respnratory patterns of the subJect (65 71, ll5, th)

lnertlal lmpactuon occurs within the nose with partlcles greater than

N r

10 to 15 mlcrons vn dlameter Gravutatlonal sedtmentatlon of partlcles

2 to 5 mucrons occurs in the more distal alrways .as- anr Flow: rates fall.

nBrownran lefUSIon occurs with’ partlcles 0 1 micron ‘and smaller.

Approximate slze ranges for alrborne lnhalatlon hazards have been de- c

fined (157) and some examples of some. alrborne pollutants and thelr

. approximate size ranges- are tabulated in Table I (data from Stuart 6157)

" and Andersen (7) B , SR
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CTABLE I
AL L

APPROXIMATE SIZE RANGES' OF SOME AIRBORNE POLLUTANTS *

Diameter (pin)

Substance ST W Minimum © Maximum

. 3. :
Normal impurities‘in¢que§5;

outdoor air tﬁo.bl K o

TobééCOfsmoke - - .‘._f:O}OJ" | I

2Mefa]]§r§f¢§| dustkand‘fﬁm¢§ 1 ~V_O;601 50

“Céﬁen; dgst . v;, S _ﬂ "i :‘-3." 3. lbdj'
 éroundilimestone T V‘;.ﬁho,':;':' 4 1606  -
foundfy dUst~“ .‘ Lo _l_ _lfﬂ-b - ._1900
Vifuseéland proteins‘ -i;' : d3003 o 6;5'>
'3atferia o |  » ; o f0;3f Lo 3; N
Pfant~sporgs- v i 5 n _.   - ”:loﬁ?”.w:: 35 S

Pollens (various kinds) 10 . _100.

% Data from Stuart (157) and Andersgnf(7)izlj'~4



Depos:tlon of partlcles is further modlfled by thelr densuty,
aerodynamlc shape hygroscoplc:ty and electrlcal charge (7l l57) and ’"
: .by alrflow velbcnty and aerodynamnc characterlsthS of the alrway, j

twhlch become nmportant especnally |n alrway dlsease (56 lOO, 158).

The Fate of |nhaled partlcles IS varxed (llo) Some upper alr-"

way clearance occurs wnth blow:ng the nose (l23) and coughlng (93)

.»"-

' The bulk of tracheobronchlal clearancenls however, by the mucocnllary

‘4system (3h 6l llh) Clearance of‘partlcles dep05|ted beyond the

r»reach of the mucocullary system in the rat occurs by alveolar bronchlo-
'lar transport as demonstrated by Tucker (163) Green related this to
-energy derlved from flund transport along lnterstltual pathways and
lymphatlcs (60) Morrow proposes that clearance of readnly transpor;5 l‘
table materlal (e g. dnssolved ‘or monomer ic substances) may occur by
both passnve and actlve absorptuon processes, and less~easuly trans-"dféf

. portable materlal (e g lnsoluble dusts) by plﬂOCYtGSlS and dlssolutlon_'%

,?f' \ S kS
c .(109) The pathogene5|s of dlseases assocnated with inhaled pollutants
" has been revrewed by Hunter (72) and Mu:r (ll3) ”" R L Co U
2. Structure and Function of the Mucoclllary System i
at~._ Resplratory Eplthellum and Cllla "*p"- - f;ﬁfvllf§§”jf'”.%{ ff;,;
“v'f- : ,, *; The structure of the respnratory alrways has been revlewed by
‘.»Proctor (l25) Jeffery and Rend (77) and Breeze and Wheeldon\(IB) o ”'f‘“'
The: nasal mucosa and most of the upper respuratory tract ls llned by
I g a B
'_cnllated eplthellum, interspersed wlth areas of non-clllated columnar
‘_b_epnthellum and areas of squamous metaplasna whnch are present even in 'f': PVQS;T‘

g
N 3

normal’ alrways The larynx |s llned by squamous eplthedlum*eicept for .
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:Vfthe posterlor commlssure whlch ls‘lfned wnth cnllated eplthellum.- L‘

..\

'Trachea and bronchll are llned by pseudostratlfled columnar eplthellum S

'idconSIStlng of clllated and nonC|l|ated columnar cells, goblet cells, 4;5"'

v’ﬁﬂbasal cells, and |ntermed|ate cells, thCh may be precursors of elther "‘

; c:llated or, goblet cells (92) ' Nonc:llated columnar cells (“brush cells”)

_Aw1th mICFOCllll on thelr lumlnal surface or large mlcrovnllu on cell 123

E aplces may represent developlng or degeneratlng cﬁllated cells These
' cells may have an absorptlve functlon (76 l33) ' The maJor contrlbutors-‘
Tto alrway lnnlng fIUId are the goblet eells (17) and the submucosal
:glands (th) whlch lncrease in number ln dlsease states such -as chronlc

eybronchltus (68 77) Goblet cells extend from bronchlal lumen to basev o

D

f'ment membrane, numberlng 1 per 5 cnllated cells (133)/ They decrease ﬁ

in number from trachea to perlpheral alrways (92) Submucosal glands ’
R

}number about 1 per square mllllmeter of human alrway surface and are A
. 4o tnmes greater |n total volume than goblet cells They tend to follow

'a S|m|lar dlstrlbutlon as’ goblet cells

. c.lna wnthln the blologtcal ktngdom were, flrst descrnbed by ] .”-..yl

;

'1 De Heude and Leuwenhouk tn the seventeenth century lnvestlgatlon of
thelr structure and physnology has been carrled out by Satrr (l48 149)
'comparatnve physnology by Slelgh (lSZ), regulatlon and control of thenr
cmovement by Kinosnta and Murakam: (85) and rev:ewed by Gosselln (59)
‘Resplratory cllla were reylewed 1n a symposaum n l96b_(159) and more,r

A"recently by Slelgh (l53) A cnllated/dolumnar Cell contalns approxl-F“-

~‘mately 200 cllla whlch are 5 7 pm |n length and 0. 2 pm ln dlameter. 15 k

.Each clllum comprlses two slngle flbrlls formlng a central core, sur-f%f'i
: 'rounded by 9 flbrlls wlth ay doublet structure The whole system s

TE?enCIOSed ln a dense matrlx Each perlpheral flbrll, comprtsnng 10 t°i
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Lﬁ;effectlve forward stroke 2 to 3 tlmes faster than the slower recovery .

"tigbelleved to be an lmportant etlologfc factor fn,the deﬁ%gopment of

d alrways, the—effectlve stroke of cnl:ary motlon ls towaéds the oropharynx *:”; R

tlp of the cnlnum. A basal body, WIth no dlrect connectuon wuth the

'flbrlls lles tnwthe apex of each cell, correspondlng to each c_llumw

s L . A N s . BN AT

(ms) e e T .-';;.‘_

b-f: Ctlna beat between l 000 to- l 500 tlmes a mlnute wnth a. fast

&

1Qf stroke. Cnluary bendlng IS th0ught to. be due to sladlng of molecules .

‘ (dyneln arms) between the 2 subflbres of the perlpheral elemehts, reap_:~7

',sultlng ln shortenlng oF a doublet and bend:ng of the chllum w:th the "1‘

-

it : R S

' ‘:_ basal body provudlng cyto skeletal support (l49) Energy for culnary S ';7n

hmotlon is derlved From ATP wsth ATPase actlvlty belng hlghly localazed
in pertpheral flbrlls (85) : Intensuty of CIllary motlon |s related to o

«the level of cellqlar energy productlon (59) Congenltal lack of

;dyneln arms |n spermatoza 1n 2 subJects w:th Kartagener s Syndrome (4)

lwas assoclated w:th depressed mucocnllary clearance (26), whlch is,3"

L P B U R AR T

-al . S|x ‘
;dparameters of cnllary motlon are‘descrnbed, vuz beat’frgguencyj’ampllwu
;tude, force, dlrectlon, metachronal wave/fength, and wave velocnty (59)
..sMetachronISm’rgfgLsr;;'the phenomenon.of coordlnatlon of actuv:ty among
;;;ilfa’o?/ad;acent cells resultlng |n lnterC|l|ary movemen ~generatnngr."'_" o
E; a wave (152).,/lt is descrlbed as . symplectlc, antlplectlc or diaplec Afui’ _%;
| depeﬁdung on whether dhe wave motlonfoeherated is. in the same dxreotlon;i%.::“t;& i
opposnte dlrectlon or at a rlght angle respectIVely, to the dlrectson of o At;;hg'

' the effective stroke.; Most preparatuons are antlplectuc (86) ln the B

o

(153) Control of clllary motlon remanns to be eluc:dated Lacar

-
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ThIS has been revnewed recently by Lopez-Vldrlero and Reld (96

&.‘

and Keal (79), and ina textboo y Boyd (17) A var&ety of terms in;

'the nomenclature, |ncludlng "resplratory tract flund" (Perry and Boyd

lshl) (17) “tracheobronchlal secrethns” (Yeager, l97]) (l77) and -

J-“mucus“ (Wardell 1970) (l72), have been used to descrlbe the fluad that

.?",.V- .

lanes the a:rways and covers the c:lna ln the absence of collect:ve E T F_‘:'

t;yj agreement so far (129), the term ”mucus“ wnll be used in thls revnew

vasynonymously wuth the other terms ‘5,;‘1f'.;}__.' _Le “’-ﬁf}ﬁ_'- .]gt:’;ilfjf:lg

'T'j'if]f

s e

~f;'. o Mucus has several lmportant functlons lt is a protectlve "f;.u

//arrler for alrway mucosa agalnst excessuve dryness or harmful agents ey

‘. v

o present in- lnsplred alr (l7) and is: also ess!ntial For mucocn]nary

‘fﬂwtranSport becauSe of its rheologlc prOperties (hZ 81 83 95, 137?w;
lhl)

ltlon,

q:may stablllze perlpheral alrways agaunst exces-» RS

o suve cha res ln raduus (99) ‘ The sources of mucus are multlple and

dnfflcult.to deflne (79, 96) Submucosal glands and goblet cells are

',;_xhe maJor contrubutors In addlt:on, interStwtlal flurd partncularly

durlng lnflammatlon (17) Clara cells, apd alveolar type 11 pneumocytes,ft
" /- i
probably also<;ontrlﬁﬁte to flu:d In the termlnal bronchloles and

P

_,,//alveoll (43) . Mucus |n the larger airways also recelves contrubutlons

from peripheral alrways because of constant mucocvzlary transport
: VO

- (67, 81) The total volume of anrway mucus is estimated at. between
. ‘, DR . ; Te. . ‘\" B .‘.‘ qﬂr B . DA ’A
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0.2 to 0.3 ml/kg (Toremalm, i960).(162) to.0,75 @L/kg<body weight (Boyd;
1972) (17).’ There is converéeﬁceQAf a gFeat SQrf§;e'area of distal air-
way; on the smaller,c1rqumfefence of thg~fracheav(67); and despit¢ tHis
and the asc;nsion of more flUid by mucoﬁilhéry tranﬁport, Eﬁé’depth §f
mucus (5.to 10 mic¢rons in laréér a?rways),ié presérved: It is suggéstéd

that some resorption'muét.také place (81, 164).

Lucas ahd Douglas p;oposed in 1934 fhat flﬁid'lining.the res-
piratory trétt is ﬁqmﬁosed.of 2 fayers, a lower sol periciliary layer
in which the cilia beét, and an upper‘gel mucous layer which interacts

' with fﬁ;ytips of cilia (97). Mathematical'cohsideratiéns suggest that

‘.‘4the uppeY layer moves §§‘én elaséic slab (135), wfth ghqﬁitical opti-
ﬁum depth for mé;imum_velocity (13)-. Ehangés in the sol rather than
4gel layer might have:greater influence oﬁ mucous transport (16). The '

. upper layer may be coupied mecﬁaﬁically ;i;h'flow inddced ih'the serous
layer resulting from ciliary beéting'(135), Despite extensive electron
aicroscopy';tudies of the'ﬁorphélogy of mu;ﬁs iﬂ_xixgh_by various in-v
vestigators (Van As, 1974) (165), (Eggrt, 1975) (4b), (Sturgeés,bl977)'
(158), (Yoneda, 1976) (]79), tﬁe continufty'of'mucus remains incomplete-

ly definedﬂ(lGh). Submucosal glands or goblet cells, producing either

acid or_neutrél glycoprbteins, contribute'fo the upper layer, whilst

the periciliary layer may represent alveolar or.bronchiolar sécketioq§ SRR
. R - - . ' .

(95) or may-be derived from active water and solute transport across’

epithelium involving an active chloride pump (116).

- Sade showed that mucociliary transport fails in the absence of

‘mucus (141), though. autologous -oF ‘heterologous mucus can restore function
B P > X - e S e ] } - . ) R

o
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(rheologic) rather_thaﬁ.chemECal (83)f 'Rheologic stuales'oh native -
tracheobronchial.secretions.are‘llmited by dlfflcultles.of collection
(41) .- Rheologic studies.have"been performed'on sputum'(2,13, 42), sur-

tQEylng those from'disease states‘(Bl lZl) Development of a method
using plastic- coated flberglass screens to collect natlve cahune
tracheal mucus by Proctor et al (1] 127). has Further facilitated the
rheologic (l22)'and biochemlcal (lOl, l30; 131) study of mucus. hKing
has developed a method to‘stud%omlcrosampleshof:mucus:using.almagnetic

rheometer (84).

3. The Study of Mucociliary Transport °

-~

- Mucociliary transport occurs from the interaction of ciliary
motility and the rheological properties of mucus. 1t functions to remove
particulate matter from the surface of the respiratory tract, an impor-

tant factor ‘in lung defense. Overall aspects of lung defense have been

5 : IR : ’ B

reviewed bxwpreen (61, 62), Newhouse (114), Cohen and Gold (34): and by

multiple authors 'in a series on Lung Biolpgyrln Health and Disease (l32);

Methods used to study mucoclliaFY“traﬁsporx hawe;malnlycbelongedw,-n‘h-(l‘
‘ - » - - L. e

to one of. two-categortes.,vnz methods examlnung tracheobronchlal

Se e e e ot B -
. b B Rl T R S O -t

) clearance of |nhaled parttcles, and methods studylng the trahsport of

- ol T

mucus, or markers’ deposlted upon mucus, by c111ated eputhelna VWanner

has dlstlngulshed these by the terms,l”mucocullary clearance” ‘and

"mucous ‘transport'' study respectlvely (169).  Studies have been.per-
" formed in 3 main anatomical sites: the nasal passages, the trachea,

and thé.airways of the lung (169).

|



partlcle snze ln the inhaled aerosol and whether monodlspersed or..

-+ -(65)- and- presence or absence of ling disease (56, 160) -

:determlne the deposntlon pattern WhICh affects clearance

a. ' StUanovaucocillary Clearance: o ' L P R
This mainly:studies tracheobronchial‘clearance"and has been

revlewed'by Camner (23) and’ Wanner (l69) Muco¢iliary transport-is

studled lndlrectly in this 5|tuat|on by external measurements of the

retention of |nhaled test aerosols of well deflned partlcles tagged

with radlonuclldes Thé flrst study carried out’ in ﬁhmans’(Albert and

Arnett 1955) (6) used aerosolized Fe59 partlcles Sanchls et al have

Yy
since performed sumllar studles using aerosollzed saline suspensuons

'-of albumln labeled with Technetlum-99m or lodine-131" C(14k, 145) ) while

 Camner et al have developed 6 mlcron dlameter polystyrene and teflon o

partlcles for similar studles (23 29). MUCOC|l|ary(clearance studies
have been performed in a varlety of situations. lncludlng the study of
normal SubJeCtS (23 29, lhh), twlns (28), cigarette smokers (27, le),_

chronlc obstructnve lung dlsease (l60), cystvc fnbros:s (146), after e

chollnergnc and adrenergnc stimulation (24, 25) and after lung dener-

vation and bronchlal transectlon (20)‘

- ~
e e .
. R § - . .
e M U e e e . - = L™ e - s ._e- a - ~ w m o T e a9 g

The experlmental factors lnfduenC|ngAsuch studles |nclude«-;ﬁm'ﬁ Ce e

o e - o

LI Y .N'.,A-.,, - - e [T

N heterod\spersed (lll) partlcles are used (23), the type, number and

t:locatzon of sc1nt1]latlon detectors (23) resplratory rate and volume Af

These factors

faster clearance rate; being obtalned from central . zones

pheral zones (112) . Coughlng during the’ experlment also affects "~ -

oatins - " W e e y v oo .
K < %3 @y “an

measurements (93, 144) ~ Sanchis et. al (1912).uslng llj]-human serum

albumin aerosol droplets found dlfferent mucoctllary clearance curves Jﬂ,J

N

_in 3 zones ln human lung, viz perlhllar, lntermedlate, and perlpheral

-
- . -



N

‘_The perlhllar zone. showed 3 phases of clearance w:th half- llves of

l/2 4 1/2 and 23 hours respectlvely, the lntermedlate, 2 phases wath
half lnves of 8 and 23 hours respectlvely, and the perlpheral 2 phases

wuth half-lives of l and 23 hours respectlvely (lhh) l_Thesetresults

. are: comparable wuth those of other lnvestngators (6, 112).. The experl-

mental factors dlscussed above limit thls mode of study of mucoc:llary : \\\~\\\__

transport. The slower phases of clearance probably represent non-
mucoc:llary clearance mechanlsms » involving physical solubll{tycand
alveolar macrophage actlvnty, whlch cannot be'distingulShed From muco-

cnllary actlvity (23 l69) Anatomlc rather. than regjional mucoc«lrary

v

clearance has also been radlographtcally examlned ln aurways after . S

-

tantalum powder lnsufflatlon (46 l54 l75)

‘b, .g.'fStudy oﬁ"Mucous.Transport .
e e oo a'

Technlques used to study Mucous transport have been reviewed by

Q]Asmendsson and Kllburn-18), Glordano~and Morrow (5#) and Wanner (169)

©

' ;;'_*lng.the efFects 5f‘ﬁrqgs ?Zl 47 69. 75, 87 lSO) ‘or 1rr|tant aerosols

'sented |n Chapter I.

) by stroboscopy (88) photography or phoboelectnacuty (l37),,or in sfudy— o R

" i's used ln the rheologlcal lnvestlgatlon of mucus, e.g. by King (83)
g .

i“jA brlef -account - oF ln vuvo studles of mucous transport has-been pre--

[N T

R R
-

enT 0 MethOds to@study mUCous transport in vitro Wwere rev:ewed by

—_— —...__.
‘. .

",gﬁRylander (5l) ' ln Vitre methods of ten eramlne cul:ary aCthIty rather

‘:than mucous transport dnrectly Frog palates and esophagl and mammallan

tracheas (e g rabblts, sheep, dog) have been used (169) The chief

usefulness of in vntro Studies has been in observung cullary klnetlcs

-

~;“_-:",,<.,_.J.._,_-.:#,'_nv;:.: R
[

(39 4o) on clliary acth:ty _Mucous transport on - lsolated frog palate

v



levels in canine lung (9) ‘in canlne asthma (l72),-in cystic fibrosis

;Fectlon (va;'

~ Giardano (55), Shih (ISI) and Dulfano (42). Corssen (]958) has used
‘human resplratory cnllated explants cultured from punch blOpSléS to . .

'.observe cnlcary rotatuon (37, 38)

Methods to,study‘mucou5'transport in vivo'involve obServatTon~

' of'ceilu]ar-debris or air bubbles in mucus, or the placement of’ varLous

o2

markers on the surface of mucus and obserVIng thelr rate of transport
on the cnlrated surface. The.lnvestugator-(referenced),<animal,'marker,'

technique‘used, and in vnvo mucous transport rate obtalned in some

studles on mammallan tracheas are‘summarlzed in Table I1.

Mucous transport has also been studled under a varlety of

* situations in v:vo,'lncludlng the study of transport rates at dlfferent

v(l36 174) and chronlc obstructlve lung disease in human subJects (147)
_‘after exposure of the tracheal eplthellum to gase such as sulphur

duoxide (ko), cugarette smoke (170), nltrous oxlde (54), oxy' n (90;

102 139), and aerosol halrspray (50). The effects v rhinovrrusfin-

, nasal decongestants, ingested fluids an exercise {138)

A-have been studled on nasal mucous transport. The effect, on mucbus
";transport of pharmacologlcal agents (partlcularly adrenerg ¢ and cho-
.linerglc agents, blologlcally active amines, and methyl-xant ines)
.rhave been reVIewed by Wanner (169) and Giordano (52), andiw}llvnot be

'reV|ewed here Experlmenta]‘factors, including the use of anesthetic '

drugs, that 4nfluence mucous transport are dlscussed in Chapter'V

PR ML

R
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 GHAPTER Il MATERIALS AND METHOD. |

.

. _iseléctton‘of Animals

Healthy mongrel dogs were used in all studles._ Animals ot

(both sexes between l to 3 years of .age: and welghlng between 12 to 35 kg

>_f-were quarantlned at the Unnversuty of Alberta Dog Farm For a. m|n|mum g
'pertod of 2 weeks Durlng thls tlme, they were: also Vaccunated agalnst

dlseases (dlstemper, hepatLtls, and para-lnFluenza) debarked dewormed

. _'°_~>.,

'ftand delouSed Follow1ng quarantlne, and in the absence of detectable

dlsease, they wefe sent “to the- laboratory at the Surglcal Medlcal
)

'J,Research lnstltute UnlverSlty of Alberta, for experlmentatuon Detaxls

Tl e p-uvm_...- ......

,hand characterlstlcs of the dogs used are llsted in Appendlx A and B.

*
v

L

2. Documentation of Variability of Canine Tracheal Mucous
* Transport Rates A L B
'h . . N .
a Data.Acquisitioanm_ L | .

-All experlments measurlng cannne tracheal mucous transport

rates (TTR) performed in Dr S. F P. Man s laboratory at the Surg:cal-:

Medlcal Research Instltute Unlver5|ty of Alberta, from the perlod

A ‘June, 1977 to January, l979 were selected for analysus ' Experiments

where extreme changes occurred in the anlmal's physnologlcal state,
or where the effect of a. drug: or other intervention was studled were

not lncluded |n thls analysns.' Data from a total of- 109 dogs (230

measurements of TTR) was. analyzed

N

The method of measurement of TTR lncluded in the study of |ts

',ﬂvaruability, and the experimental condltions under whuch these were.

I

RN perﬁormed werefslmlfar to those in the study on ‘canine’ tracheal mucous;t

» n\
. o . Tl N

I LR N . RN . -

t'a—--.-'w.a-:a-r:‘-‘»"*- bt T

% ot N {:_kia,‘;;‘,g«ﬂ"f‘” e

WL .w\.;“"»“"
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: transport of partntulate pollutants and are descrnbed under that o

s

1 » a9

sectlon. There were two mlnor dlfferences in methodology

S
e et . ,_ R ,‘ P A

1. The use of a sungle plpette to deposnt the markers ff"

“ o »(;_..v g‘, e

experlments ﬁrtor to November l978 (36) ynnstead of a
pcpette rubber catheter combinatlon used |n the study

of - tracheal mucous transport of pollutants and

- -

: - e ll»~.‘ﬂ<~"‘4.-'§__ R

BV PRI T zg e A el
. C e Lt Lt
Ay e e

'''''

o 2;.-?3';'sé of a scannlng speed of~lo cm/mln (3@L\\i::tead.
- _l of 20 cm/mln in the latter study Pllot exper|me ts .

.;Q;l“71<'5 d|d not show scgnlfrcant dlfFerences ih resolutlon RN

between these two scannlng speeds, though _more. data

T
N-a
v

pounts could be obtalned wuth the faster scannlng speed

b. : Grouplng, Analysis and:Statlstlcal.Treatment

"g . A1l TTR were grouped accordlng to the type of marker used

, Detalls of markers, phy5|cal characterlstlcs, and radlo labeljng

e Vel g

EE .....7

used for each mark“er are ltst'ed "rr‘i Table lJl. e

—-c_“.-‘..‘,l -‘._ . _"",' P :
. PR
B A

[

The overall -mean TTR standard devnatlon and coefflclent of
variation (standard devsatron < mean x- lOO%) was calculated 1and the7
h:ghest and lowest TTR observed hoted for each marker group - The mean

TTR, standard dev:atlon and coeffic:ent of varlatlon wasaaLso calcu-

-----

lstlcs (e 9. all bowexR annon exchange resln partltles) Statlonary

'i‘marker peaks were regarded as hav;ng zero TTR and not consldered

s

any of the calculatlons.

‘

~

"~

’ffl) :s Overall Var|ablllty of TTR CT EEERI B :'A.Fj}”n‘
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'exchahge (Qsln partlcﬁes
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- et

MARKERS USED |N THE STUDY OF THE VARIABILITY
OF CANINE TRACHEAL MUCOUS TRANSPORT RATES -
T AT " e R "“ PN FRSPURNa

‘~-MARKER‘ - DIAMETER(microns)

‘ 1~Dowex anl%ﬂ e e

--»'n" ST e,

(’) : . kal‘ge (L) o ]80_-{; 50
G0 Nedium (o 3 o Mo

‘(iij) ,*fsmall'(s)‘_,-‘=;;_ 3e3

'Sulphur C¢ LQId M*‘Tf'{ ffAe-‘”vb.éiéib.Blfhr;
-Su§93n5|on (Sc) _*4':3 T ‘

Albumln MgQrQaggregates

. DovaXR cay/ ldﬂ i * g 2 7’80&_50 "
vexchange Yas'n partlcles* ST o

o v et

negatiyely charged, chlornde donors in

= tiii:vgigﬁ161es—~w

b Teeum e aeens
t Lot LI

P

lodlne 125 or -

,'Technetnum 99m

the case of a

o lodine- 125 or .
‘ Technetkum~99m

lod'ine- 125 or T
.‘;T?Fhﬂetlom-ggm sl

+ Technetium=99m."

L These yle. posltlvely charged hydrogen donors, as compared to

nion exchange

. RADIO-LABEL OF MARKER
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y
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UL e — = . . -v . : ":_‘;-.~ ‘_-’«“ ....... SR - ._ ‘ /
) . r.,d.w C "x" .-.'“ en Cepm e e '—4“ : ] ‘ ' . R
N - R _‘ -
- (n:) Short term Varl l s
T ,,g,:‘.w@' R g ‘_, : AT o s
il iiﬁaﬁfjf Ten dogs W4th between h to 7 measurements each of TTR me35ured
wrth the same type of marker (l 2?dlabeled DowexR anlon exchange resin
partlcles oF 180 * 50p dlameter) over. snngle experlmenta] perlods rang-f
WL ng from 30 to l20 mJnutes were selected for anajysns ofﬁshent—term- amffaér o
B IPEEAS ~"“~,*"-5~‘ \’.1 el s r»,‘ & - /
s varlatlon of TTR ' The mean TTR standara‘HEV|at1on, c0eff|clent of
varlatlon and range of TTR observed was calculated for each dog for
each expernmental perlod _‘v[,:. ’ ' AL
(ili)-v Long term Varuablllty of TTR !
Results from 3 dogs, thCh were’ studled between 3 to 5 tlmes E
’T‘fft‘ff— T; each over a 3-month perlod usnng the same. type of marker, were analysed__?‘» .
T ”sfbr long term‘varlatron of TTR The mEan TTR, standard dev:atlon, co- j»',,;w.{,,
B PR I . e
e e effnenent of varratlon and raﬁge of TTR observed was calculated for - .
' each dog; over each of the 3~month peruods T; @;} }\Hg;;{;#;u vifi*jq‘;i;v;;; Q%%
' L= X .ot ‘" - u“t"'-h ne T ”A"',\.,_a . 77,'«':-»_,‘ .. - s »cN;_.,‘.,,... r.:mvwv_..‘,,‘. . ) ] A‘ .
o L é [~ws . e e M =
o RE Study of Canlne Tracheal Mucous Transport of Partlculate
:v_‘_?: — T e e e B I TR za
: Pollutants,k‘«;;g-:rcr?‘f cEE e *=~z<-u1w;ﬁ cUL T T o '

;aml,“‘ fsé1¢96iaﬁt9f;Ahimals ahd'TYPe”df Ahesthesiaff;ro

- e

A

Sxmllar anlmals to those prevcou_ e were used

. Twelve heali rel dogs of both sexes w:th welghts ranglng from l9

I

~/’””//' to 30. kg were fasted overnlght before berng anesthetlzed, usually :ﬂbuf \¥§‘*\s>\;
s between 0800 to 0900 hours oR- the mOrnlng of the exgdrtmenfs~*”Tntra--i"'-ipyf'» B
:fl& venous Pentobarb:tal 30 mg/kg body welght |nduct|on dose w%s used with D
) Asupp]emental doses as necessary, the alm belng t9 manntaln -a relatlvely‘.
'M)f’d_ constant level oF anesthesla. Hydratnon was malntalned wlth 213 /3 - 11';;!
. '\HEXtroseesallne lﬂfUSlon vua perlpheral veln.' Vltal_slgns were_monltored
o . ;”:iial'iftraaéiili;;‘f'“ **~¢f;;~.f~:;:{.tl.'i:f"'ﬁﬁai : ;f ST e
N : T ) T e o



L e N e T et
‘“:at»lnteryaleduring‘the;course of  the experiments:

‘ ;bg"f¥f3f§electlongof'Partlculate Eollutantsi.

Three naturally—occurrlng partlculate pol]utants, one organlc

RN .l
“,“and two |norgannc, were selected for study

Pl.:3Whole ragweed pollen gralns (Coulter Dlagnosttcs, lnc »

L "’Hlaleah Flornda, 33010), of spherlcal dlameter 20 mlcrons, i -

: :SpelelC gravnty 1.20 - l SO (lOS) (organnc pollutant)

- 2. Talc partlcles (Slerra tak), chemlcal formula 3MgO 4 SLO2

e HZO of amorphous dumenSIOns ranglng from 2= 25 mlcrons,

a e
. - e o

_»';{ o aspecrﬁﬂé §ravnty 7.8 (6#) (anorgannc pollutant)

3 . N - Y ~ :
-~ . o

:3. Asbestos partscles (chrysotlle form) (John Manv;lle Canada a,7 S

A

: j%”:;ic"“fif Ltd ), chemwcal formula 3MgO 2 SIO 2H o Flbrlllar un ),p-f

2 L2

: ,r'-,Se l"e_ct'-'ig n of a” ‘;iié‘fé_r'ence )4'ar ker '- |
DowexR anlon exchaﬁ/e resnn part?cles (l =X- 2 50 lOO mesh) 1;i

S (Buo-Rad Laborato es, 2200 erght Avenue, R:chmond Callfornla, 9480#)
" »;\':' /

were,sel/cted as. the reference marker because of ease and hlgh effl- .’
/ B

L \‘

cnency of labelltng These are styrene dlvxnylbenzene qcpolymers,

‘ wnth dlameter 180 + 50 mncrons, specrflc gravnty T. 15 (l73)

—_— . . . ¢

e Tee— L o
coda s Labeling;of»RefErence\ﬂarker»with'Iodine—lZS

Approxlmately lOO mg of the partlcles were washed repeatedly A.f '

_ w1th denon:zed water to remove any extraneous chemlcals remalnlng from

i .
-

iwA;:; .;~{« morp ology wnth,d:mensrons of 2 5 mlcrons by 20 hOO mlcrons,

'h2§ﬂ_



AL

fﬁ?:(S mC|) at room temperature for 30 mlnutes They were then washed
'Lbound lsotope, and. the labellng effuc:ency as well as afflnlty of

'used per experlment was 200 hOO pCl

e, _ Labellng of Partlculate.Pollutants with Technetium+§9m'

All 3 pollutants were labeled ina sumllar fashlon by a“

-

26

4":the|r manufacturlng process,_and |ncubatEd/w1th a solutlon of NaI] 5 3 ;d

' several times wnth delontzed water to remove any free and IOOSely

. blndlng of usotope to marker noted The average actlvuty of |sotope

method adOpted from Van Houten (l66) Labellng was done |mmed|ately

';Technetlum, as |t exlsts in the-9.9 Tcoh- state\ is reduced to the

E \ﬁcathn group, whlch then bxnds to nucleophllnc groups present on t
' f.fused as the reducnng agent, by dlssolv1ng 15. mgm of fresh crystals

o tlon to IOO»ml« One ml of thlS solut10n was then comblned wnth 1

of. sodlum pertechnetate solutlon (lO 15 mCl) and a predetermlned
quantlty of partlculate pollutant These were lncubated at room te

perature wnth gentle stlrrlng by meahs of a magnetlc stlrrlng bar

30 mlnutes, to ensure maxlmum exposure of the surfaces of - individu

fpartlcles to the |sotope The labellng reactlon was termlnated by

addlng a solutnon of IN NaOH dropwlse untll a pH of 7 0 was obtaln

- The. labeled partlcles were then washed several tlmes wuth delonuze

A i

water, and harVested by centrlfugatnon and’ flnally resuspended ln

0.6 ml of IN sallne Thns ylelded suffncnent quantnty of labeled

‘pollutant marker . for l2 to 15 experlments -Thewaverage activlty o

LN

'-pruor to" experlments because of the short hailf- life (6 hr) of Tc99m

99mTc 4

he,

.Jlsurface of the partlcle betng labeled (166) Stannous chlorlde was

of

this substance in l 0 ml of R N HCl, and dllutlng the resultlng solu-

.0 ml -

em-

for , ,..(
al

ed

f»each



/

bolus of labeled pollutant used‘per'experiment was 200-600 uCi.

f. . Assessment of Effecfa‘of.Labeljng Procedures on Reference

Marker and Particulate Pollutants

‘5*The reference marker as well as each particulate pollutant
were examtned under ltght microscopy after ‘undergoing the labellng
procedure, to assess any alteration of. morphology of the marker or
poltutant that might occur. A hematocytometer counting chamber
(Brightlfne oounting chamber, Amertcan Optical Company, Buffalo 15,

N.Y.) was used to estimate and confirm the dlmenS|ons of the indivi-~

dual, markers and document their lndavndual,mOrphology. In a series
of pi]ot-experiﬁents, each marker was submitted to the labeling pro- *
cedure with substitution of normal saline for 1sotope, to avoid sub- ;va

sequent handllng of radloactave material under the mlcroscope Each

was then similarly re-examined under‘light;microscopy.

.

g. Assessment of Adequate Actigity of Labeled Particulate

<

Pollutants for Experiments:

The activity of the reference marker was found previously to
be sufficient for,qetection and resolution By the scanning apparatus

following the labeling procedare (36). Preliminary experiments were

also done to determine this factor for eaclpartigulate pollutant.
One drop of a suspension of freshly—labeled placed in a ¥

small well provided a 1 mm point source of activity. Two point sources :

o . ‘351&’( T
., and separated by a mlnlmum dtstance of 2 mm along the travellng

v

of the scanner, could be satlsfagtorily discriminated as separa
peaks of actnvnty at a scanmng spegb&o cm/min.  The di

: SRR U0

e e s -
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fhe-detector head from the trachea was generally under 10 cm during

actual experimental conditions.

e . S—

h.. - Device Design fqg Deposit[on_of Marker/Pollutanfs'

v et
A o

,4}9’ . Eex 8 B e S Mooy WSy g AR Cw e -.

]

- 3Nm|n|m|ze the number of times a pipette had to be passed ’

across the vocal cords to dep05|t the markers, a dev1ce was designed

to allow the reference marker and pollutant to“be loaded andwdeposited

separately on one instrumentation (Figure 1).. Marker and potlutant were ~

keptvseperate prior to deposition to minimiZe any possible marker-

pollutant interaction. A plastic pipette_tip with a soft, flexible

rubber guard to minimize mechanical trauma to ‘the tracheal epithelium
Qeé attached to a 30 cm glees pipette. A 15-G bere Venocath "-14
rubber catheter was attached to the length of the glass pipetge with
its tip alongsi&e'that of the plastic pipette tip. Approxfmetely 2 hgm

3

= n_ R . X . :
of Dowex  anion exchange resin particles (reference marker) was placed

in the pipette tip: The labeled particulate poliutant (approximately

2.0 mgm pollen, 4.0 mgm talc, or 1.0 mgm asbestos for each -experiment)

was drawn up as a suspension into the catheter in the form of several

beads of suspension separated by gaps of air (Figure 1).

i. Procedure for Marker/Pollutant Deposition

- The distance from carina to lower incisor teeth was pre- -
measured externally in each dog to note the approximate distance needed
to advance the pipette. Care was taken not to touch the tracheal

mucosa. during inser}fon of-the{pfpette to minimize the effects of ~ - °

.mechanicalmirritétion on TTR (120). The Feference marker and -poliutant

were deposited separately, within several seconds of each other, on

the posterior membranous portion of the trae?ea over the carina by



tips advanced between vocal cords -

‘towards dogs' carina

soft rubber ‘guard
on plastic pipette
th ‘tip of soft rubber
.-catheter
labeled réference
. marker particles E'
inﬁﬁlastic pipette - .
ti L : 7 :
' drops of labeled
A : particulate pollutant
E in suspensiqn
glass pipette Venocath -1k rubber
ey catheter
insufflation of 10 -
Dot 15 cc of air by a 20
[ ‘L cc capacity syringe
i expels;markers onto
tracheal surface
uT__T. ‘ 3 I a
FIGURE 1
:'k\\~ DIAGRAM OF DEVICE- USED TO DEPOSIT

CANINE, TRACHEA

N

RAD10-LABELED MARKERS INTO THE

29

SUAPRTO,




insufflation of 10 to l5 ml of aijr through the plpette or through the_
"rubber catheter, The order of deposnt:on was alternated between
experiments for randomlzatlon of depos:tlon lf'xsotope movement was

observed, scannlng was begun agd contlnued untll no more peak. mobeméht§

Yy o e w7

were detected for 5-10 minutes, The procedure was repeated in some
cases, with a max|mum of 3 procedures performed on any one dog. lheA
chonce to. repeat the procedure on any’ dog was at random. . |n the case
\where no |sotope movement ‘was detected Followrng the flrst inatrumenta-
tion, it was not :epeated

 As depositlon in these" experlments was necessarily a '"bljnd"
procedure prellmlnary studles were carrted out to lnvestlgate the
accuracy and pattern of depos:tlon of markers at the carlna using this
device. ln separate pilot experlments, a PHO gamma scnntlllatlon
camera (Searle Radlographlcs, Des Plalnes, Ill ) was used to,monltorn‘
marker deposntlon and movement in 5 anesthetized dogs® 99 -labeled
sulphur colloid was placed in the rubber catheter and depos:ted in the
manner prevnously described. Dlrect observatlon of marker depos:tlon
and movement by flberoptlc bronchoscopy was also carrted out in'one \g

anesthetized dog," using orange- coloured DowexR,resin particles and

violet-coloured ink as markers .

Deposntlon of reference resin marker and ragweed pollen grains
on the mucous layer was studied hlstologlcally in rat trachea. Un—
labeled marker and pollen grains were injected into the trachea of a
rat anesthetlzed wuth 0.2 mgm/kgm pentobarbutal The trachea was

clamped and removed between glottls and carlna after I minute ‘to

allow both markers tlme to distribute in the mucus, and_lmmersed“lni‘
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20% blutaraldehyde solutlon for 30 minutes. The preparatlon w

stains prepared in the usual way. and examlned under light mncroscopyi o

Joe . Tracing and Measurement of Marker/Pollutant

'-,ferred to formaldehyde, and paraffln sectlons wnth hematoxylln~eoslnv'

A/l deposntlons and measurements of movement of marker and

pollutant were performed w:th the anlmal in the supune-posntlor'and

i e e a .
- .- by ST e, -

spontaneously nosebreathlng, and the long axis of- the trachea {n a

. |

horlzontal,plane. All measurements of TTR were performed between 0900

and 1800 hours on the day of the experlment commencung an hour'or'

‘s

longer after induction of - anestheSIa to allow the acute effects'of”‘;.

t

% anesthesxa to dISSIpate
I -

: d

Measurement of |sotope movement was by the method develbped

-~

- &

prevnously in the laboratory by Man et al (36) _ External countlng of

a predetermined segment of trachea (

IO to I cm) was performed usnng a

Picker magnascanner 5000 for perlods ranglng from 15 to 35 mlnutes,

dependlng on number of lsotope movements detected The detector head

comprised a colllmated sodlum |od:de c:ystal travellng at a scannlng

. f

speed of 20 cm/min along tbe long axns of the ‘trachea. The collimator

had a l mm sllt, and the energy levels>of 30 and 140 keV for lodine-125

s trans-.

" and Technetlum 99m respectlvely, allowed dlscrlmlnatlon of the |sotope

to be tracked. Thls was done u51ng a manually operated sw:tch for the

. dlfferent energy levels, Appendlx C

further. detalls these aspect§

The actlvity of one lsotope was measured during movement of

.;:

" the detector head towards the glottls, and that of the other isotope

durlng movements towards tho-carina.

Actlvuty and position measurements

- LA

A A A
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‘,h, were recorded on magnetlc tape wnth a. Northern SClentlfIC NS 636 dual

parameter multlchannel analyzer w:th a 6& by 64 channel matrlx lnter-

‘faced. to'! a PDP ll 05 mlnncomputer The scanner was lnterfaced to the

mujtn&hannel analxzer'sa”that*the d?stanee trawersed by,the chlumated

detector corresponded to a max i mum of 6l dlscrete channels When the

b, 64,channels were spread over a max.imum scanning length_ofllh cm/

R

'.?pdintSfOZZJB.Cm apartacould;berdjscr}mjnated-i,A,singJe experlment‘could

~ ‘Distance Versus tlme was also plotted graphlcally, the slope belng the .

l .
‘of. actIVlty greater than 5 tlmes that of background act|V|ty were

the same peak (same ‘group of marker/pollutant partlcles) .was. present

k. : Analysis and Statjstlcalilreatment

l -_w.t,._"_

‘also record up’ to 6 sequentlal traverses of -the trachea.” Marker-or_

“ e Y
pollutant movement could therefore be - lnferred and TTR calculated by .

m» cvﬂ
. “ om A--..,,t,"._')’-

.examln[ng the activity dlstrlbutlon of several traverses L'On'ly peaks.

-~ . - .
- . R ,m-- o

Y

- T

vanalyzed, though the maJorlty of peaks obtalned were over 20 times

B A

background act|v1ty From.éach expeanent,'ddsgance&yen%us Qmme;was

-
plotted for each peak actnvnty, detected in all the traverses where

PR -

’79;4 o O I EER N [

.'é.-

TTR of the marker or- pollutant Marker and pollutant movement was’

” 1 .
e

fodhd to be un|form wnth an average regression coefflcuent of O 98
for points obtained. The above procedure ls_summarlzed in Figure 2.
‘ ned.. ooy _ ' ‘

I

(i) |If two different markers, l.e. the radio-labeled réference .

:resin particle:and the radlo-labeled particle .of. pollu-.
tant belng compared were tracked and. found to be mov1ng‘
at the same time over a similar segment of trachea, they‘
lwere consuderedifor comparlson. They»were usually fol-

‘lowed together for periods ranging from 3 to 15 mlnutes"

A,

Lok
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Rectilinéar Scanner. S o
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 _marker/TTR of particu-

i : .
st o, e

.y P .

.Méxfmumfof~§4 Chanpels"z . o T
" (32 scans for'ééqh"mafkef) ‘ R - -N'
on computer printout . ; o : !
Peaks visUalTy identified - ) S
and followed and distance

vsvtlmevcgmputed for each. slopes

representihg
velocity of.
particulate

marker peak movement

.TTR oﬁwrefergnce'ﬁqwexk

o

late pollutaﬁf obtained

s
i

3 ;’G:;-

Tty

FIGURE 2 -~ . e S e

e,

SUMMARY FLOW-DIAGRAM OF -

MEASUREMENT OF MARKER MOVEMENT*

* Instruhents denoted in boxes
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“'on analysls. The lnd1VJdual TTR for each marker ln a palr_

.

'was calculated

The TTR of pollutant was- lelded by the TTR of reference

. |
‘marker ln each pair to g:ve a. ratlo ' Allow1ng for ]lmltS

"~ of error within the measurements oF’TTR ratlpsrbetween”‘

TTR of pollutant Vs reference marker.

Giin)

. «/:~

"faster“, ano‘ less ‘than 0 95,. "slowen , wl«th‘-respect- ‘to

The number of tlmes palrs were tied, faster or slower

- - e L

‘With respect to movement of the pollutant partlcle was

'then treated with tests of proportnon (35) ' Tracheal

- transport rates of peaks in each series of experiments

' were also treated w:th Student' s paired t- test (35).

’In the case of more than one TTR" obtalned agalnst another '

- of the other marker, one value was plcked using a table

into ‘the pajred t-test.

o,

of random numbers to make a palr, ‘and. samllarly lncluded,

A U

’ . P “,’
h‘Q.QB ‘“t:09uwere4COnsidered ”tles”; greater than 1.05,



_CHAPTER IV RESULTS

1. . .Documentation_of Variability of Canine Tracheal Mucous
Transport Rate -- . S ' v
a. ' Variabilﬂty of Rates of Different Markers ‘

The results are shown in Teb1e IV{‘
Results from sux d;fferent types of markers were analyzed

e -

The largest number of TTR measured wefe: from the group of markers com-
prnsnng I125 99m
- > #

'180 + 50 mlcron snze (“large“), whlch |nvolved 40 dogs/128 measurements, ..

or Te -labeled DowexR anion exchange resnn part|cles of

performed over 18 months. The TTR of thts group showed a mean + SD

ot 10.4 i;§,3,mm7minthith a coefficient of varietioh of 51%. 'Thevn
.renge was from arlow'of 1.8 mm/min to a thh'of 25.8 mm/mih,'(aporoxi—
*mateTy a lh<fold differencé); '

4
1 4

Essentially similar resiults were obteined'from the analysis of

125 99m

measurements of TTR using “medium“ and "'smalt't | or T¢ -labeled

‘ DowexR_anioh exchange resin'partieles,iTc99m—labe]ed sulphur colloid
suspehsioh, 99 —labeled albumin macroaggregates, and Gallium-67
»Jabeled catlon exchange restn partlcles (Table ). The coefflcrents
of variation of TTR were snmllar in all these groups of markers used
(about 50%) and each group showed a wnde range in TTR-observed (all
over a lO -fold dlfference between lowest and hlghest TTR) A similar
R'trend was ‘seen on the comblned groups of markers with similar. charac-
teristics ana]yzed together vnz “medlum” plus “small“ combined, and "
meduumﬂ ”small”; Tc99 —sulphur colIO|d plus Tc99 -albumln macro-

- aggregates. (Ga67-cat|on .exchange resin did not fall into the:

characteristics of any group, and was not included in any of the -

[

35
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‘ combjnedjgroqpe anaIYZed)3'.

L : : \

b, ~yarfabijjtyfof=ﬁaté$ i
Different DOQS'.

5

B The results are shown in Table V.

- Ten dogs each had between 4 to 7 measurements of TTR performed g

over s:ngle experlmental perlods ranglng From 30-to IZO minutes in
i 25

™

each case. All measurements of TTR were made with I] -DowexB anion(s

exchange resin partncles, 180 + 50 micron snze, as the marker - The

““ coefftcuent of” var1at|on oF TTR wnthln an experlmental perlod (short-'Y

" term vaTsatlon) for all the dogs studled ranged from 18% to 682 w1th

a mean of,hl%.

The mean TTR of 1nd|v1dual dogs ranged from 8. 7 mm/mln in dog
7 to 20 2 mm/mnn in dog 5. Taking the ten mean TTR. for the group,

the grou

mean + SD of TTR,was |3.8 i_h.o mm/mnn (coeffICIent of

ﬁvarlatlon of 30% for the

The range of TTR in a snngle experlmental per'. :
lvarled from between lh 6 - 25 0 mm/min in dog 5 (170%) to 2 9 - IS 7
| mm/min (SAOZ);in dog 7,,with an»avehage"difference“of»3202.between
‘the highest and lowest TTR:obtained Tn‘any*éioerimental\péﬁiod_Foﬁ alT

10 dogs.
c. Variability'of Rates .in Different Experfmentai Periods
in Single Dogs

. The resdlts are'shomn in Table VI, ~

et

53 T
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:TABLEAVIJ;
| CANINE TRACHEAL MUCOUS TRANSPORT RATES
A
- MEASURED IN DIFFERENT EXPERIMENTAL PERIODS IN THREE DOGS -
. . e o : LT
. ‘ . ‘ Tracheél Transport Rates (mm/mln)
Dog ' Date of _ S o i
‘Number . Study .. S Individual Rate(s) -+, Mean
T T )
1 . ..21 Nov 1978 . . 0 , K : _ 0 o
11 Dec 1978 - . 28 - 92.8
15 Jan 1979 o ’zo 7, 12.4, 24, -0, 13.9; . 20.1
10 - 29 Nov 1978 - - '»wo A 5_' T [N
' IT-Dec 1978 ..« *6 2 o 6.2
1% Jan 1979 9.2, 7.3, 21. 3,.16 2 T 133
30 Jan 1979 -r-“,21 0, 13.9, 20.5,. 6.8, 7.0
C ' ' B 22.6 o _
8 Febl979° - 465y . 5.0
1 14 Dec 1978 . 13.7 « o - 13,7
g 11 Jan 1979 ouzhs T  2h4.5
’ 30 Jan }979 4 23.9, 32.6, 16.9 245 .
8. Feb 1979~ 4. h T 0
*. Al experimentaI pe?idgéffh 3 from 30~ IZO mlnutes, the experlments
Fdte, - 125 R
taking pIace over a 3-mod$h4B9qud, -Dowex anion exchange re-"’
et e
_sin partlcles, 180 + 50 mlcrbn §Ize was the mq;ker used in all
measurements ThIS data‘was from.a serles -of experiments where_
snmuItaneous transport of 2 markeri was - beung studled,_the other
, marker in aII these exper|ments was Tc99 —squhur collond
S .

Zero tracheal tranSport rates (statlonary marker actlety peaks)

recorded for sake of subsequent dISCUSSlon

i



‘Three dogs were studied from 3 to 5 times each over a 3-month

periédi» All measurements of TTR were made with IlzsgbowexR anion

e

exchange resin particle, 180 + 50 mieron size? as the marker.

Dog | was studied 3 times (between November 1978 - Janyary

>

1979), Dog II;.R times (between December 1978 - February 1979), and
Dog 10, 5 times (between Ndvember l978ﬂ-fFebfuar9 1979); The mean .-

values of TTR differed considerably in each dog between all the océa-

~

sions studied. Furthermore, dogs T :and 11 showed no marker movement

"

on one occasion each, though marker movement was observed or the other

occasions they were studied.

. LW
Taking the TTR's obtained on each occasion for each dog ’

Jsingle values and means); the mean *+ SD.of TTR for Dog |, 10 and t1

were 11.0 + 10.1, 10.4 + 5.0, and 15.7 + 11.6 mm/min respectively,

for each of their 3-month periods of study. This gave a coefficient

‘of variation (long-térm variation) of TTR of'922, L8% and. 74% respec-

tively for the three dogs.

¢

2. Study of Canine Tracheal Mucous Transport of Particulate

Pollutants
a. Labeling of Reference Marker and Particulate Pollutants
The results are summarized in Table VI1i.

:Labeling of the.réference.mafkér, DowexR anion exchange par-
ticles (1-X- 2, 50-100 mesh) with,lodine-125 was hlghly efficie~t with
a“labelnng efflClency of over 302 This was calculated by ¢ viding the
radloactlvity found on,the labeled marker by the total actlvity of

all the unbound isotope in the washes plué the activity on, the taggéd
o =y Y

yo



- TABLE viIT -

v

42

LABELING:CHARACTER!STICS)OF'REFERENCE MARKER

Isotope Marker

AND PARTICULATE POLLUTANTS

Quantity of Percent

Percent isotope

Reference Labeling freed in last 3 N
Label or Marker or Efficiency** washings ***
, ‘ Pollutant
Pollutant Used (mg)
1125 //, Rgference 100 over 90 <]
Marker* :
1™/ Pollen 30 15 - 20 <
T /  Talc’ 60 . 60 - 77 <10
Tc99m // Asbestos 15 32 - 9 <l
2 ‘.
*  Dowex" &nion exchange resin particles (1-X-2), 50-100 mesh).

**  This is derived from final ‘activity of labeled reference marker
or pollutant + by totakactivity of all the unbound isotope in
the washes plus the activity of the labeled reference marker or
pollutant. These values have been subsequently exceeded with
improvemeht'in'technique‘(unpubLiShed data) .

**% This is derived from activity in each of the last. 3 washings =
by the final activity of the labeled reference marker or pollutant.
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marker. Less than l% ofIISOtope Came free. in the funal 3 washings.
DISSOC|at|on -of the usotope from the partvcles in the airway was -

therefore unlikely.-

Labellng effﬂCIency of the partlculate pollutants (whole
ragweed pollen grains, talc and asbestos) wnth Technetnum -99m was l5-
20%, 60-77%, and 32-91%, respectlvely. In order to ensure enough
activity on the tagged pollutant required for the experiments, per;
technetatelsolutions of at least 10-15"mCi of actuvnty were always
used, especvally in the case of labellng of pollen. Dlssoclatlon of the
isotope from the pollutant particles in the alrway‘was also unllkely

because of the small amounts of isotope freed in the last 3 washlngs
s

'(Table VII). It was known: from previous experiments that free isotope
n
in the trachea resulted in a "'smear"! pattern of actlvnty dutected on

-

scanning. This was not found in any of the expertments

Assessment of the reference marker and each pollutant by llght

' m:croscopy (as descrlbed in Chapter 111) revealed no dlscernlble mor -

a

phologlcal alteratlons as the result of the labeling procedure

b. Pilot Studies on Deposition of Markers

. By use of'a‘gamma scintlllation camera, thewdeposition of Tc99m
sulphur colloid by the devuce desugned for the experlments was tested
Deposition was observed to occur over a b-5 cm region near the carlna
The marker, elther as a single bolus or as several boluses of act:v:ty,
was observed to move towards the glottis at varying rates. Clearance
of the Tc99 -sulphur colloid marker from theirrachea as monitored by

an external counter, exceeded 95% over perlode ranging -from 15 minutes

to an hour. In one animal, no movement aof marker occurred when observed
: A
»

A S A St mimn e - e



over a period of an hour. . e .

Direct observetlon by a flberoptlc bronchoscope of marker
depositudn was also carried out. To aid vnsualtzat|on, .orange- coloured
‘Dowex‘R resin partlcles (a;proxumately four tlmes the size of the re-
ference partlcle used in the experlments) and vnolet-coloured tnk were
. used as markers. Deposntlon was seen to occur in the region of the

.carine, and oecasionally beyond it. The partgcles‘and droplets of

markers were found lying discretely apart from one another in most

%

areas of the mucosa follow1ng depOSItlon ' Markefs |n|t|ally depOSIted"
on the side walls of the trachea tended to move towards the posterlor

membrane as  they traveled towards the glottis. ' B
L . s} N I

‘The distribution of referehce_restn particles and ragheed' ' _/jlz
pollen gralns on the mucous layer of rat trachea was: ‘examined histo-
logically. - Both were dlstrlbuted on the muc05al eu ce of the mucus.
Little, if any, penetration into the mucous Iayer by enthe\\marker or

..

asbestos. ' o —
< .

A

‘cﬂ Results and Analysis of Simultaneous Measurements of
Tracheal Mucous Trahspbrt.Rates of Pollutants and

Reference Marker

The results of tracheal mucous transport rates of reference
marker'ahd each pollutant and-their comﬁarisons are shoanih Tables

IARN to‘X, and the results of'comparisons'summarized in Table X1. |

In comparing the tracheal transport of whole ragweed pollen

[N : .- -
grains to the réference marker, 13 experiments were performed on 6

et AR A3



. TABLE VI1]

~ " CANINE TRACHEAL MUCOUS ' TRANSPORT RATES

OF REFERENCE MARKER vs RAGWEED POLLEN

f . : - Tracheal'Transdet Rate. (mm/min)
Dog Number/ExBériment Number: f;'ReFerence ',Pollén éollen-&keferénce
b S : Marker ' Marker
2. 7.8% SR 0.91
. \ * 1.7 1.50
o (2) 15.2% 14,7 0.97, 2.04
7.2%+ % 16.5 1.08, 2.29
| : 154+ +13.9 1.93,0.90
13. (1) C21.0% Lk 23,4 1.1
) : 13.9+ ‘ + 13.3 0.96 «
(2)  20.5% % 23.3 1.1k
: 6.8+ + 6.9 1.01
(3) N 22.6% * 31.6 ‘1.40
h . %340 1.50
e () - 23.9% o+ 342 1.43
- (2) 32.6% * 36.5 1.12
. 16.9 - L -
15, (1) o 15.0% *13.2 0.88
(2) 2.0 - -
6.5 . | - - -
6. (1) 13.0% % 10.5 0.81
(2) -, °  21.8% £19.8 - 0.91
’/// 1209+ +19.6 . | 1.52
(3) 2200 2 -
v 19,9 Tk 22,7 1.14
3.7+ +13.7 1.00
17. 1) C no marker movement observed

*,+ denote the tracheal transport rates within the experiment corres-
ponding to a pair for comparison. These rates were paired if they were
measured when the reference marker and pollen were moving simultaneously
along a similar segment of trachea. In dog 15, experiment 2, only move-
ment of reference marker was noted and no comparisons were obtained. In
dog 17, no movement of either reference marker or pollen was noted, and
the experiment was riot repeated. The total number of comparisons ob-
tained was 22, T :
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SR "TABLE IX
. ———————

: CAN\NE TRACHEAL\MUCOUS TRANSPORT RATES

OF‘REFERENCEvMARKER vs TALC =~

Q hv3
Tracheal Transport Rate (mm/min):. -
Dog‘Numbér/Expefiment Number Réfereﬁce S Tv T;lc + Reference
_ - - Marker  Talc Marker '
N “l_é’;&' () S ©10.3. -
: S o - bhe 0 -
(2) - 14.2 f - -
- - 18.5 -
- 8.5% % 8.3 . 0.98
5.6+  +10.3 : 1.84
13 (n L. 6x *' 4.5 0.98, 0.83
| ETLLAN © 6.5 1.41,1.20
ih. ) AT 5.9 -
' La oo 9.5 - B
; - 9'.5‘ -
15, - (1) . C11.8% *10.9 0.92
' (2) 8.6% * 8.4 0.98
: . 2.6+ ~+10.7 4.1
16. (1) B E * 3.7 0.90, 0.38
' o 9.7* v :
. . 5.8+ +7.7. 1.33
(2) 17.4% %.17.8 ~1.02
' - % 12,6 _ 0.72
12.9  +.12.3 0.95

18. : (1) ﬁ : no marker movement observed

-% + denote the tracheal transport rates within the experiment
correspondlng to a pair for comparison. These rates were paired if
they were measured when ‘the reference marker and talc were. mov ing
_simultaneously along a similar segment of trachea. - In dog 14, only
movement of talc was noted and no comparisons were obtalned “In

dog 18, no movefient of either reference marker or talc was noted,

and the expenhjment was not repeated. The total number of comparisons
obtained was 1

"ue
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CANINE TRACHEAL

TABLE X

HUCOUS'TRANSPORT RATES

OF REFERENCE‘MARKEvaS‘ASBESTOS

u7.

N

R

RET S DR PO

. Ddg’NUmber/Experiment No. = Tracheal. Tr port Rate (mm/mln) ‘
‘ ' ' Reference - Asbestos <
_ Marker 4 Asbestos Reference Marker
12. (1) T #11.5 0.80
14.5+ +20.0 ~1.38,1.00 :
20.0+ : - , o
18.2%x *%16.7 0.92 -
8.7 T .3
(2) 16.8% *19.5 1.16 «é
' ‘ *2h.4 © 1.45 . L
13. 4+ +13.0 . 0.97 3
(3) 3.3% . #10.8 3.27 3,
' 15.6+ . #20.9. 1.34 £
2.9%x o R%22.7 7.83 ° % &
T %%2].9 7.55 o
hos+ ++ 4.5 1.00 - S
S ++11.3 2.51 &
: - o ++11.2 2.48 ¥
b (1) b %124 0.86 . i
- » CXI3LE 0.93. ;
. T %12,6° - 0.88°
: SRS T+ 95 0.8 i
- LI Y L2 *% 74 1.06- CE S
C x% 6 4 0.91
(2) 125.9% %26.1 1.00, 1 12
23.3% *21.1 0.81,0.91
7.6+ +15.5 0. 88 -
- ) i B < 25.6 . L - . ’ . ‘ ‘{.
15, (r 12.6% *12.6 1.00
9. (1) 10.7% *8.7 0.81,1.93,1.64
5.3% - o
‘ 12:3+ +10.8 0.84
(2) 2.6% *16.3 . 6.27
§ o - 23.9 -
8.3 - —_ ]

Continued:
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© TABLE X continued: DERE e ;
. ‘ | . | i
2 “rome: e é
VDQg,Number/Experiment‘No; | _ Trachead Transport Rateh(mm/mfn) ' S
' . ‘ Reference Asbestqs -
" Marker Asbestos ‘ Referenee Marker
20. o) 10.2% © ®0.9 1.07
’ | e 13,84 © s #%]9.5 - 1.91,1.41
‘ o +9.6 0.70 | |
(2). 2.1 1.0 ©5.24,0.81
| : 13.6% o 0.7 5.10,0.79 ;
13.9 - ‘ :
3.3 - ]
L (3) 1h, 2% #15.8 1.1 E
| : ~ %15.8 1.11
: *16.9 1.19
21. , (1) 6.9% x 8.1 1.17
: 12.0+ . *+10.0 5,0.83
. (2) L 12.3% o #13.07 6,1.37 ‘
\\\ . 9.5% A1 .4 0.93,1.20
N - : 8.3 -
22. Q) : no marker moyement observed o \

23. . (1) " no marker movement observed

*, +,°%*%  ++. denote the tracheal transport rates wuthun the. experlment
corresponding to-a pair for comparison. These rates were pajred if. they
wére measured:when the reference marker and asbestos were moving simul-
‘taneously along a similar segment of trachea. . In dogs 22 and 23, no
movemént of either reference marker or asbestos was noted, and the ex=

s Periment was not repeated in either. dog The total number of comparisons:
obtained wgi\ﬂj . v . '

.
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~ dogs (Table XI). FIve dogs were instrumented more than>once' witnra

‘maximum of 3 lnstrumentattons to deposit the markeq; in any dog In

1 dog, no mosgment of elther pollen or reference marker was observed

(TabIe VIII). A‘total of 22 comparIsons of TTR were obtained; polilen

¢

moved faster than reference .marker in 13 comparisons, was slower in G,

and ‘in 4 comparisons both rates were tied. Test of proportidn was

"significant for poIIen mov1ng faster on more occasions than the re-

ference marker (p <0. 025?

In comparing talc andeasbestos to reference marker, 9 experlments.

v

on 6 dogs and IS experlments on 8 dogs were performed respectlvely

(Iable X1). In the experiments comparing talc and asbestos with .the

?gference marker, | dog'andLZ'dogs in each sériesggrespectiyely, showed .

no movementsof either-marker (Table IX and Table X, respectively). Test

of propprtion in either series was not significant for either pollu-

. tant moving faster ar slower on more occasions than the reference

marker. S

'Trachea] mucous transport rates obrained.In‘eaEhfseries are
summarized in Table XI. .OnIy the rates of referenee“mar&er or noIIu-
tant used in comparisons were included .in the caleulation of the meana'
and standard deviation;of'the transport'rate stated Palred t- test
comparnng tracheal  transport rates of poIIen to those of the reference
marker achieved significance (p<:0.05), but was not significant in

the other two series.

«
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‘(32), using 7c””" or tndium

CHAPTER V. DISCUSSION AND-CONCLU§$0NS

. The two |nterrelated ObJeCtheS of this study were to examine
G y

;the varcablllty of canine mucous transport rates, and to compare the

" mucous transport rates of 3 naturally occurring partloulate pollutants

1. VariabiJlity -of Mucous Transport

a. . Comparison of Studies C : /
A'VariodsvinVest}gators have alluded to the variability ofAnocous
transport rates in general. Kensler and Battista (1966) (80) studied

cat tracheal mucous transport rates with carbon!ycopodiUm spore markers

in vitro and found Qalues between 30 to Lg mm/nin, while Carson and

" Goldhamer (1966) (30) recorded values ranging from 0.25 mm to 25 mm/min

in vivo in the same species. Sakakura- and Proctor. (1972) (d42), using

resin bead markers similar to those used in this study, found in vivo

canine tracheal transport rates ranging from 0.7 to 35.1 mm/min in 103
measdrements ‘in 19 dogs. They'found that 1 in ld.dogs had rates below
3 mm/min and 1 in 30 above BOﬂﬁm/min. They also found that daily

changes in tranSportﬁrates (observed in-5. dogs measured 3 or more times
at weekly'inter{als) varied by 220% to 450%, and'coefflCJents of vari-

ation ranged from 14% to 64% (mean 42%). Sackner et aI-(1973) (140),

using teflon disc markers In a study of 59 dogs, found a maximum tra-

cheal transport rate (mean + SD) of IS 6 +9.0 mm/mln (coeffucuent of

varuation 58%), and tne average of the 3 fastest rates (mean + SD)

SN E 8. + 7 3 mm/min (caefficient of variation 62%). Chopra et al (1977)

99m 113m

Tabeled albumin microsphere markers
found In 10 d,ys tracheal mucous transport.rateS'ranging from 9.7 to .

29.1 mm/min with a mean + SD rate of 19.2 + 5.1 mm/min (cOefficient;of

51
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var|atlon 27%) Yeates et al‘(1975) (l78) using Tc99 -labeled albumnn

mlcrosphere markers found coeffIC|ents of varlatlon of 75% in tracheal
mucous transport rates’ of hZ healthy, non- smoking adults wuth no’ dlf-
feﬁhnce between sexes. Each |ndrVIdual s short-term coefflc1ent»of

variation was 25%.

The Fesults of thIS present study are in agreement in terms of
mean tracheal mucous transport rates and coeffucxents of varlatnon with

the results of lnvestngators of canlne StUdIeS rev;ewed -above, and

‘partlcularly with the study of Sakakura ‘and Prootor (th) wﬁb used

o

snmllar markers_to this present study. It is to be ‘noted that measure-
ments of transport rates in the author's study were'obta|ned durlng

expernments where 2 markers were belng tracked sumultaneously in the

1 5 99m

s

‘canlne trachea (e.g.

resin particles‘together) Prevnous results from thIS laboratory showed

-large and Tc -small DOWexR anion exchange

‘ - that the presence of dlfferent radlolabels together in the trachea

L
( ‘25, Tc99m or: Ga67) did not affect compartson of transport rates, and

variability was.of»the same degree whether“a single marker or two

markers with different radlolabels were ‘being tracked (36) There was

.a great degree of varlablllty in canine tracheal mucous transport

rates in this study. For example,'in'a‘group of 40 dogs; transport

,_1

- rates ranged’ from 1. 8: mm to 25 8 mm/min, wlth a mean + SD of 10.4 +

" of variabi

5.3 mm/mun (coefflcient of variation 51%)

T

The nature of the 6 markers used to measufe mucous transport

rates‘furthermore did not influence its'variabllity, as ‘similar degrees

v;ty were . found with each type of marker. 'These markers -

m solid resin partlcles of dlfferent sizes and surface



; .
Lo

charges to dlfferent suspensnons (albumin macroaggregates and sulphur

‘COllOld) Taking into account results of other |nvest|gators who used”

_other types of markers, varlability of mucous transport does not appear”

to’ be any less wuth a specuflc type of marker

The variablllty oF canine~tracheal tr nsport rates of the same,
|nd|V|dual dogs From day to day was 5|m|lar to that between different
dogs onh the same day The variablllty of transport rates was no less
within a dog |n one experimental perlod than between dogs on the sameg'
.day, or in the same dog on different days, over a 3-month period
These flndings are again in. agreemen% wnth those of other investigators
(140, 142), except one study (Chopra) (329 where it was found that the
varlation in the same dog was less than that between dlfferent dogs

The time between measurements was;, however, not stated (32).

e . K o

b. Factofs Influencing Variabiljty:“f

-
EN

Several factors are generafky‘cited to be responsnble for the

variability of mucous transport Genet1c factors are: likely |mportant

Y

For example, Camner demonst{atgﬁgthat lung clearance rates varied more

) :
among unrelated non-smokers: hai’? in monozygotic non-smoking twnns

o '
(28, 29) ln addition, the vaﬁlatlon of both tracheal (178) and nasal

(126) mucous transport ratis s less wnthin the same individual. thah

’ between different indtvlduals Canine tracheal mucous tramsport is
usually studied in non-homogenous groups ofvanimals which are geneti-
Vcally unrelated (e g Append)x A and - B) Their constitutional difference
’may,be an |mportant factor in the varlability of their tracheal. mucous
transport rates. lt would therefore be of some interest to further

udy ‘this factor by measuring varlablllty of tracheal mucous transport

-
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~rates in a group of dogs from the same litter. The author is unaware - -

of any such previjous study. .
» _ Sstud "

- . . ; . N ¢

. S e : i s : A
Mechanncal nrrltatlon has been shown by Phupps to |ncrease

mucous Secretlon and mucous transport rates in cat trachea (lZO)
'Sackner fﬁo) and Fr.iedman (5l) both measured canine’ tracheal transport

I

rates Msing sumllar teflon dise markers, but obtalned dlfferent rates
. of 15 6 and 7.6 mm/mln, respectlvely As thetr methodology was essen-
) tlally s:mllar,.lt |s llkely that the Faster rate was related to the

f:beroptlc bronchoscope whlch was left in place at the glottis in the

former study, thereby produc:ng mechanlcal irritation to the airway.

, The amblent condltlons may be an lmportant factor“‘ Hirsch

. Y

found‘that dryness of amblent alr decreased canine tracheal mucous
‘transport (70) though lesser effects were observed by Brldger and
'Proctor in canlne trachea (19) and by Proc&gr in human nose (126)
' 'The degree of hydrat;on of the animal is also |mportant, as Chopra
found that acute dehydratlon decreased canlne tracheal mucous transport

(33) and Bang and Bang obtanned sumllar flndnngs on nasal mucous .

transport in dehydrated herrlng gulls (ll) and day-old chicks (lZ)

AnestheSIa lnfluences mucous transport, and unfortunately most’

in vivo studles of mucous transport have been performed under anesthe-

—

sia, wnth few exceptlons~(67 89 98, l78)s: Brldger“and Proctor foundltd

.~ ..ho movement of radio-labeled resin beads in tracheas of deeply anes-
"thetlzed dogs, movement commenclng as anesthesua llghtened (19)
Landa demonstrated depre55|on of sheep tracheal mucous transport rates

;by 35% for 3 hours followlng lntravénous pentobarbltal anesthesca (89) .

Y- °

e Patrnck and Stirllng demonstrated depr655|on of tracheal mucous transport

Y |
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7
rates by‘SOZ in rats receiving either thiopental or pentobarbital (119)7
Gaseous anesthetic agents (e.g. halothane) have been shown to depress
tracheal mucous transport in dogs by Forbes (49) and in humans by

Burton (22). King et al have found followung lntravenous pentobarbital

anesthesna, an increase in mucous elasttctty and. vnscosuty associated

P

wuth a decrease in collectlon rate and frog palate transportability of

canine tracheal mucus (82).

o

The site of the airway where mucous transport rates are mea-
sured may also affect the observation (9 l9 32). Asmendsson and
Kllburn studted canine airways and found mucous transport rates of

1.6 mm/min in distal bronchun,»h mm/min in subsegmental bronchii, ,

rs

8.3 mm/min in lobar bronchii, and 12.6 mm[mln in the trachea (9).

- .
- . a

There is thus an increase in transport velocity from peripheral to
central airways. ThlS gradlent has also been observed in the trachea
itself in anecdotal accounts,-veloc1tles |ncrea51ng from carina to

glottls (Brldger and Proctor) (19), (Chopra) (32), and’ has -been docu-

mented in this laboratory (unpublished observattons) Sackner et al

have described spiral patterns of transport of Teflon disc markers (140).

This pattern of transport would also add to the variability of measure-

ments.

No marker movement is sometimes observed in experiments'on

seemingly healthy animals. For example, Sackner et al found no marker

. movement ln the trachea in 28 of 87 dogs studied (lho) Sakakura and

Proctor reported no marker movement in 20 of 63 experiments on 34 dogs.
However, 25% of the animals revealed squamous metaplasia in their

tracheas at autopsy (142). In this present study, 1 in 5 to 6 animals.

-
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failed to show marker transport on one or more occasions. In some

.animals, however, marker movement was observed on another experimental

-

R

day (dogs 1 and 11, Table VI). The eXplanation'for this phenomenon

. A , P
is not known. - ' ' ’ _ _ o

[

-

Implications of Variability on Experimental Studies of

Canine Tracheal Mucous Transport

The-variability of canine mucous transport rates thus appears

to be large, as shown in thlskstudy and in other studies. This

inherent variability creates difficulty in interpreting the differences

~observed in mucous transport rates between two markers with different i%'
physicochemical properties if they are obtained in different experi- " 7

. ‘,‘ Y

: a4

ments. ‘é
The method chosen to overcome this difficulty was thatsde- 'ﬁ

veloped previously in this laboratory by Man et al (36). - Canine
tracheal mucous transport rates of two different types of radio-labeled o

markers could be measured sumultaneously in an anlmal As measure-

ments were performed within the same laboratory- and physnologlcal ‘con-

ditions of the anlmal direct comparison of transport rates of.2 types >

of. markers were Obtalned under identical experimental conditions. In

« .
12 o
this case, the reference marker was | 5-labeled anion exchange resin :

4

partlcles, and thQ other a partlculate pollutant labeled with Tc99m

in the light of the foregolng dlscussion, this method of study appeared

the most suitable for determining the effect of physucochemlcal dif-

ferences of pollutants on thelr rate of tracheal mucous transport.




2. Canine Tracheal Mucous Transport of Particulste Pollutants

a. Choice of Pollutants 'and Reference Marker

:Three polfotants were studied, one organic (whole ragweed
pollen grains) and two :norganlc (talc and asbestos partncles) They
represent one study in each c]ass of organlc éhduanrganlc pollutants‘
Other choices for study might have-lncluded snllca,\éprn dust, and

mineral dusts. The radio-labeling techniques used in this study ‘may

enable future étudy of these other pollutants.

:DowexR anion exchange resin particles (1-X-2, 500 mesh) were

chosen as the reference marker because of familiarity of use in pre1§
. , ) -

.vious experiments, ease and efficiency of labeling, snd high affinity

of radio-label to marker (36). R _41§~ 1

~

'b. Labeling of ﬁollutants

s

Direct comparison of the traneport rates of the pollutants would

be more desiraﬂle,‘and attempts were hade to label some of the polld-

25 ; 125

tants with l] . However, attempts to. label ragweed pollen with |
by 2 methods (63, 103) were unsuccessful for the purposes of thls
study. . Insufficient protein residues (e.g. tyrosune) (103) on polien

coats and similar lack of suitable residues on talc ynd asbestos par-

-

’
ticle surfaces for raduo label bindnng were probable factors that

contributed to the fallure of these two methods

Labeling of the 3 poflutantS'with Tc99m provedvpossible. The
aetual mechanism by whfothggm'hinds to each of theSe'pollutants'{s
not well defined (166).‘ PoTJen”grains.possese a:tough oUter'coat
(exine) over an innef coat (intine)v(66). These possess polymerized

-

.
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carotenoids, carotenoid esters, celquose aﬁd poﬁypeptidg nucleophilic
groupg that may complex~with redoced Tc99m cation (166). Talc _
(3Mg0. 4 SiOZ. H, 0) and asbestos’ (3Mg0. 2 S|02~ 2 H 0) also possess
nucleophilic ( OH) groups that may also accept . rad|o label. In the
method employed, T¢99 Oh- is’ redue5¢ by stannous ch}orlde to Tc99m‘

. }.
cations Which presumably binds to nucleophilic groups found on the

‘pollen grains (166) and possibly to the nucleoph:luc (-0H) radicals

found on the surface of talc and asbestos partlcles (134) ., -

N _
Labeling efficiency for pollen was lower than that achieveo by

Van‘Houten et al (166). In their experiments, 30-mesh granular tin was

added to stgynnous chloride reducing agent fo assist in keeping the

-

solution in reduced form (166). Complex . pH adJustmentS were also per-

formed to aghieve maximal labellng eff:cuencnes for Poa Eraetensis‘
pollen grains (50-90%). The method used in this present study omitted
these 2 lytter steps for simplicity, and though }abeling efficiency

was not as Nigh the activity of labeling achieved with each polfutent
Qas suf ficient for peak resolutioh and identificetion under the experi-
meqtal conditions. Affinity of binding of Tc99m tb pollutant %Ps also
adequate with only very small amounts of lsotope coming free in e3ch

of the last 3 washings. It is therefore unllkely that sngnnflcant

9.

quantities of radiolsotope were leached out onto tracheal mucosa during
y ‘ ' ,
experiments.J Furthermore, it was known from previous experiments that

such leaching resulted in'a.“smear“ tracing of aCtiVityvdetgctedAon

”

scanning. This effect was not encountered in any exper iments performed.

The ‘physical structure of each pollutant was not apprec1ably

altered- by, ‘the labeling process, as reviewed by light mlcroscopy

4
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Poa praetensis pollen grains similarly labeled have been examined by

phase and light microscopy and allergenic properties of labeled versus - -
unlabeled grains compared'by human scratch skin tests. No alteration
in morphology‘or allergenic,pfﬁpertl;; were detected (166).

N

Cs Comparison of Pollutant Tracheal .Transport Rates

The distribution and clearance of inhaled pollutants including
uranium.dioxide (58), fibrous minerals (107) and asbestos (106), and .
cOnsequences of ‘asbestos inhalation (167) have been studied in mice.

Wagner and Skldmore found the pulmonary clearance oF crysotile more

- -

‘rapid than that of amosite and crocidolite forms of asbestos (168).
Howeber, comparisons of mucociliary transport of'different particulate
pollutants have not been previously reported. This study represents

one first such attempt, o <

Tracheal muCous,transpOrt'of teflon disc-markers has been shown

" to decrease durlng experlmental canine asthma, induced in dogs sensi-

tive to Ascarls suum extract (171). lnhaled sensntlvnty disease to

ragweed pollen can ‘occur in dogs, though rare, and its |ncsdence in-
adequately documented. It manlfests as, cdugh dyspnea, and product|on
_of thick mucus (113) with changes in airway conductance (ll8) Res-
piratory system conductance was not monitored in this study. However,
there was no eV|dence from elther cllnical observatlon or changes ln}
vutal sngns in any of the experiments to suggest that an asthmatlc
attack was occurring as a result of ragweed_pollen;depositlon in the

-

airway.

The results of this study showed no dlfference in mucous

transport rates of talc and asbestos partlcles compared to the
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- - rates of the resin marker and ragweed pollen gralns ‘must be related to

reference marker. Tracheal mucous transport rates of whole ragweed

pollen gralns were faster than that of reference marker by both test
of proportion and paired t- test (p(O 025 and p< 0. 05, respectively).
By Rnference,_ragweed pollen IS transported faster by the mucoculiary
system than talc and asbestos. B

This observation cannot’ be adequatelydexplained within the
present knowledge of mUcociliary transport. The possibility of inter-
action between reference marker and po]lutant in the trachea enhancing
‘the mucous: transport of. ragweed pollen, but not talc or asbestos, is
unlikely. The influence of rad10|sotope label on mucous transport is
also unlikely to be of sagnlflcance as identical markers labeled with

125 99m

. - T
! or Tc have,not been shown-to have different mucous- transport

rates (36). Therefore, the observed difference between the transport

) .:_

"the dlfferences between these two ebtltles themselves.

AL

It has been proposed as the thesis hypothesis that the dif-

: . - N
ferences in physicochemical propertiés of indivldual pollutants may
influence.their |nteract|on with the mucoc111ary-system and be re-
flected in d:fferences in their mucous transport rates. The‘preciSe
nature of this interaction is, however, not(known though questioned in
the past (l76). The distribution of pollen grains and resin‘particles
on the mucous layer appears to be on the mucosal surface, as deter-
mined by 1ight microscopy in thds study. How each lnfluences the
properties of the mucous layer-and’ciliary kinetics, for example,
remains to be elucidated. It is unlikely thatkdifferences in physical

v

size alone Influence their respective transport rates, as it has been

60
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fshowh that medium (110 + 30 microns) ‘and small (3 i.3 microns) sized

resin particles are not transported faster than large resin particles . .

(180 + 50 microns) (36). Other factors such as shape and density of

a particle (156) and its mlSClblllty“ with mucus may also play a part.

The chief dlfflculty in characterizing the phy51cochem|cal propertles
A

that affect‘mucoug transport of a pollutant in a defined way Iies in

the lack of adequate choices of markers with well-defined physico-

chemical properties. ltvis likely that the effect of the‘physico-

chemical properties of aloorticle on its raterof'mucoué transport is

multifactorial. |

3{ ::Coﬁclusions

I'd

I d

1. There is a hlgh:%ﬁgree of varlablllty in canine mucous

transport rates, as measured and documented in this

\/ -
" . ¥

study and in studies. by other investigators.

2. This variability was tndependent of - the ty.p of marker
used, and was sumllar between dlfferent dqgs as within
‘the same dog. No difference between short-term (one
exporimental period up to 120 minures).and Iong-térm

(3 months) variation was found.

3. A method enabling simultaneous measurement of canine

tracheal mucous transport rates of two different markers

.

was adopted to avoid difficulties caosed‘by this large

yariébility in interpretation of results to allow for

comparison of their transport rotes. Mucous transport
- rates of 3 naturally-occurring particulate pollutants

were compared.

o
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L, No dnfference was found between tracheal transport rates
- of talc or asbestos particles and the reference marker
of resan‘partlcles ! Whole ragweed pollen grain was trans-
ported faster than the reference marker;.and by rnference,‘
talc or asbestos partlcles. This is consnstent with the
hypothesis that different naturally-occurring pollutants
may interact differently with the mucoclllary_system with

resulting differences in their mucous transport rates.

.
'

L, v,!"Limltations of This Study

A}
This study examined mucous transport of relatively inert parti-
culate |nsoluble pollutants Particulate‘vlable agents such as bacteria
and V|ruses-mlght be handled differently byythe mucoclliary system.
Any inferences of mucous transport Ofldlssimilar pollutantsvcannot be'

N

made from this study.

The amount of partlculate pollutanq deposnted experlmentally
in this study greatly exceeds the quantity thCh would be deposited jn
the trachea under normal physlologlcal condltlons Only very minute

quantatles of whole pollen grains of varlous types (diameters 10 to

100 mlcrons) have beeanemonstrated in tracheobronchlal secretlons and

ps

‘lung parenchyma in human subJects by Mlchel et al (l05) Airway de- . .

position following nasal lnhalation of various commercial forms of

asbestos (amOSIte, crOC|dol|te, and chrysotlle) has been examined by

Beeckmans (lh) Chrysotlle ns fibrlllar and less accessnble to dlstal
alrways than the other forms of asbestos of sumllar aerodynamtc size
(14, 161). This study ‘is therefore not an attempt to study tracheo-

bronchial clearance, because of the large quantities of pollutant used

T
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in the experiments. Rather, it ekamined one aspect of how the muco-
ciliary system might differ in its transport of different kinds of

particulate pollutants using the canine trachea as a model.

)

Mucous transport is different in the more perlpheral alrways,
with differences in ciliary activity (159), mucus depth and composition

(17, 81, 164), and mucous transport rates (9)'compared to proximal
. ” :

airways. The precise physiological sfgnificance of a quantitative

dufference of several mm/min in transport ‘rate between two pollutants

-

-in the Iarger airways can only at best be speculative, ,Interpretatlons
of tracheal mucous transport rates.cannot strictly be extended to the
peripheral airways. A study of nucous transport in peripheral airways,

" though perhaps‘of greater clinical /importance, is technically difficult,
and the results of clearance studies from dlsta] airways are also in-

fluenced by lymphatic c]earance and macrophage activity. Mucociliary

\

transport, however, remains an important factor in the retention time

-

of a pollutant in the lung. Lung disease may develop in the presence

of competent mucociliary function by dust deposntlon distal to the

mucociliary apparatus. However, decreased MUCOClllary transport may
enhance the pathogenesis of the disease (176). . ,

5. | Questions and Recommendations Arising From This Study

A

‘gﬂkéﬂrﬂJudé Minimizing some of the factors that add to the

variability of measurements of trachéal mucous transport

L

might allow easier.approaches to experimental design and
interpretation of data, e.g. mfnimization of tracheal ir-

ritation by instrument design modifications. Measurement of

tracheal mucous transport in unanesthetized animals would also be

FUPRC Ny T,
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expected to lessen the degree of variability of observations.

2. More naturally-occurring partlculate~pollutants need to

"~ be similarly lnvestlgated. leferent classes of pollutants

-~
related by certain. phys1cal or chemical features, for example,

may be studied, and categorlzed by thelr mucous transport rates
as compared to a reference marker, ‘or even to one another, as -
"fast'' ar "slow" transported pollutants. Correlatuon WJth the
pathophysiological consequences of-thelr lnhalatlon may be'rl

attempted.

3. Al though the method of radio-labeling by Tc99 has been .

L4

used successfully in these. experiments, more methods need to

-be developed to radio-label other pollutants for study

Johanson et al have successfully labeled pneumococcal bacterla

99m

w1th Tc in Tung clearance studles (78). The application to

study of mucociliary transport of various bacteria versus a

-

reference marker or a pollutant would be useful. Corn and
barley dust have been labeled successfully with‘Tc99m by tne )

method used in this study (unpublished data).

L

b, The observed differences in mucous transport rates of

.

various pollutants may be due to differences in transport '

B

mechanisms by the mucociliary system. lInvestigations of,thesef
[ ’ , .
mechanisms would be worthwhile. One approach might be to

perform similar stddﬁes to this on dogs with an altered muco-

’cnlnary system, e.g. bronchitic.or asthmatlc dogs, or in dogs

subJected to atroplne or vagal blockade. Any ehanges in the

e T
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relatlonships between “fast“ and ”slow"

i

transported pollutants ;

in these situations may provnde a clue as to the nature of %
-pollutant-mucus interaction. . é

.
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Strays,_donations,

'APPENDIX A

SELECTION OF DOGS USED FOR® STUDY T
® | e

abandoned dogs

Edmonton, Red @eer, Wetaskiwin, Leduc Dog Pounds
Univereity of Alberta Dog-Farm (in Ellerslie,
Alberta) (Healthy, l-3 year olds only as selected

by the restdent veterlnarlan)

quarantlned for a mlnimum perlod of 2 weeks, plus’

‘ vaccnnated with DHP (dlstemper, hepatltls, para-

vnfluenza) %%cc:ne and . .debarked, dewormed, deloused

»

plus fecal analysis, hth day post-dewormlng

To Surglcal-Medlcal Reseagch Instutute, Untversnty
D

of Alberta, Edmonton, Alberta;

\ .

~w.‘w...b;_§' ",.‘ [RERI AU

B

o Ao




APPENDIX B
CHARACTERIST]CS OF - DOGS USED'IN STUDY,;,:" o -'K\T"
AI] were mongrels (mlxed breeds) of both sexes, the predomlnant mix ' -

belng llsted

~

PREDOMINANT M1X . " NUMBER USED.
Labrador . B RN _  }a; ’ - 38

' Shepherd . | S L
Collie o : ot g2

Hounds . P g ; ‘ 6

-

Husky = S T AR
Doberman_j
st. Bernard‘ ' R e T T 2

< Chesapeakeew; i S E R '.~ e ,.12 SRR \

<
A R e el et s e e s

' Boxer Lo ,_;" . SRR - ]e,"
‘cdrg; C : ‘» S "-. L ".', RN )

Palmatian T o T oy

(=]
\O
= ,.:‘,..‘.‘,y_..s.....a-M.‘.J,. -

Ages. between l -3 years
‘ | - v S o .

Weights betwe_en 1-2‘ to-3‘5 kg.

©

e B T R
ST D SR R A
_80._ e e e e
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" ment .is dlagrammed below:

_were <IZ of the gross counts of Iodinelzs

APPENDIX C -~ °

DESCRIPTION OF COLLIMATOR AND ISOTOPE DISCRIMINATION

3 " by 3" sodium lodlde crystal was mounted wuth lead shleldlng of

1.5 cm thlckness, with a 1 mm sllt’colllmator which travelled orthogonal

‘to the long axis of the trachea dur:ng scanning. The‘lﬂ_v;trO'arrange-

' photomultlpl|er ' S . R
tube - . o P ,/'54 ‘ . v
S A A T sodium iodide crystal
lead shield — 7| / o R
) m . ,",..,' "". . " -;’l I, ]2 ‘ . \
'TC?S tracked . [0 | ,1_ R I Sutracked £
during movement 1t T L during movement
in one directjon {7 - ].71  inother direction
S ST e [T A e EERRRTSY
P » f ' /"'.-..";'A -z . "‘ o ’
) . . [ y - “ ._,/‘
oggt sourcgscof. | . A _ . L
8 TC " and | Q .
& et Imm.apart .- S (genera]ly under. 10 cm durang in
o7 3 - ] I vivo experiments) L
-

Iodlnel 5 (EXJ;BO keV) and Technettum99 (Erxulho keV) were the

lSOtopes used ln the study. Prelimlnary in vttro studies wuth 1 mm

© point sources: of each lsotone placed 2 mm apart showed that, after:

r

‘Psuitablesadjustment of upper and lower dnscrnmlnatnon settings -on the

o analyzer Technetiu\‘99 125

cross—over counts in the Iodlne channel

Thls aildbed successful

”discrimination of elther |sotope by this method

;
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