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Thermal stress (TS) via induction of heat shock proteins 
(HSP) . confers protective effects in lung injury. 

Mucociliary clearance play1 a protective role in airways. 
Thus, we hypothesized that TS may enhance mucociliary 
clearance by upregulating ciliary beat frequency (CBF) of 
bronchial epithelial. cells (BECsl. We determined the CBF of 
boVine BECs in vitro after exposure to TS·. BEC cultures 
were exposed to .'TS of 43°C for 60 min and returned to 37°C 
for the remainder of the experiment. Non-TS cells kept at 
37°C for the entire time were used as controls. CBF was 
measured using phase contrast microscopy, videotape 
analysis, and computerized frequency spectrum . analysis at 
timepoi�ts from 0-24 hours. BECs exposed to TS demonstrated 
increased CBF in comparison to non-TS ceti·s. Maximal 
increase of CBF was observed at approximately 3 'hrs after 
TS (TS, 17. l ±. 0.8 'Hz; non-TS, 9.9 ±. 0.9 Hz) and the 
increase was sustained at 24 hrs (TS, 13 . l  ± 0.4 Hz; non­
TS, 10.9 ±. 0.7 Hz). The �ncrease in CBF at 3 hrs after TS 
parallels the

�
-ncrease in expression of HSP70 in TS BECs 

by Western bl i:. Thus, TS, perhaps · through induction of 
HSP, increases BF of cultured BECs. Upregulation of CBF 
by TS may confer a protective propert_Y ·to injured airway 
epithelium .. 

I .UNG MllCI IS CLEARANCE IN ACUTE INl�!C"llVE EXACERBATIONS. 
A.J.la.sani. s Rntoni11'11u·. �- J.2...fuia. s w Clarke, M...Sl2ili:ri'. Dc·paroncn1 
of Thoracic Mcdidne. Royal Frc-c llospiml. London and Dcparuncm of Respiralory 
Mc'tlicinc•. fi1y General I lospiial. �lnkc-on-Tren� England (ll�). 

Aeu1c exacerhations nf chmnic nhstructive airways disease challengc·c-onducting airways 
clcanmce hy dinl of profound changes in mucus volume and properties. We havc·a.,scsscd 
1.rnchenhronchi:d mucus clearance over a 6-bnur obscrvalion period in 12 pa1ients {9M/3F 
wilh mean±SD age of 63±7 yean;) al lhe s�'II"! of aculc exac"Crhation and one week lalcr 
afler oral aniihiolic 1hcrapy (6 palienL< on amoxycillin, 500mg Ids: 6 palicnis on 
ciprofloxacin, 500mg hd). Mean % predicted foo:c"d expiratory volume in I second (FEV I) 
:u1d forced expiratory now m SO% of vital capacily (FEl'SO) were 51% (SD:13) and 21% 
(SD:13) and afler treauncni 48% (SD:12) and 21% (SD:13) rc-spcetivcly. Clearance wa.s 
HSSCSSL°d Willi ii non-invasive radioaerosoJ IL'Chniquc. RadioaeliVC paniclcs (polyslyrcnc 
spheres Sµm in dirune1cr Jahcllcd will1 99m'fc) were inhaled under striclly controlled 
eondilions and monitored wiU1 two axially opposed collimated scintillalion dctcc1ors 
(po.<itionc'tl :u11croposteriorly 10 u,e chcsll. After allnwanc-c for ini1ial paniclc distribution, 
cleanincc w:L< mn<lcm1cly suhnnnnal (apprnxima1cly 50% trachcol>ronchial clearance in S 
hour.;), Clearance (approxima1ely SO\l--clcara_nc" in 4 hours) did not signilicanUy improve 
after one week of antihiotic .treaunen1. Mean cough frequency did however decrease 
signilicanlly (p<0.02 for all 12 pa1icn1s: p<0.05 for ciproOoxacin sub-group) a.s did lhc 
number of spu'tum samples produced over lhc 6-hour observation pcriQ!l (p<O.O I for all 12 
patients). If a reduced cough frequency implies a reduec'{) role for cough-aided clearance 
wiU1in u,c airways it is possihlc Iha! mucus lransport hy true mucociliary clearance may 
have slightly impmvcd over u,c 7-d.1y period. Reducing coOgh may possihly also ha�c 
lessened U,c risk of eough-media1cd dmn.1ge 10 lhc airways cpilhclium. · 

THE-EFFECTS OF SODIUM TAURObI}JYDROFUSIDATE ON MUCOCILIARY 
TRANSPORT RATE AND MUCUS GLYCOPROTEIN SECRETION USING TWO 

-EX-1'/\'0 ANIMAL MODELS. 
K Pritchard. A H Lans!cy and G P Maain. Dcpar1mcnt of Phannacy. King's College 
London.'Manrcsa,8J)ad. Condon. SW3 6LX. U.K. - .. ', · . · 
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; Sodi�m 1aurodihydroi�idatc (STDHFJ has -hccn clinic�lly shown to _ enhance t_hc 
intranasal-absorption of pc.Plidc and protein drugs (Hedin ct al. (1993) J. Chn. Endocnn. 

. Mcbb. 76(4): 962-7). However. ii is important lhat none of the componcnls included ia 
nasa't prcparalions should affccl lhc mucociliary clearance mechanism lo a signilic�[ 
extcot. The aim of our study was 10 cx�minc Ute effects of STDHF and STDHF m 
combination wi1h egg phosphalidylctiolinc (PC) on the mucociliary 1ransp1m rate (!"!TR) 
of 1hc frog p;ilatc and to evaluate 1hc cffccl of.STDHf' on muc�s. glycopro1c'.n sccrct1or:, by 
excised rm tracheae. The excised palates <if frogs (Rana p1pie11s) were mcuba1cd m a 
humidity c·hamhcNll 25,;C. The mean MTR of graphite particles applied to 1hc pala1c 
after 1hc addilion of.J 'h: STDHF in HEPES huff er was compared lo the mean basal MTR 
in HEPES alone. To as.,css 1hc prodoc1ion of mucus glycoprolcin. excised ral tracheae 
were incubalcd in cell grow1h medium (pH 7.4) to which radiolabellcd mucin precursors 
and I \l, STDHF had been added. Samples of lhc medium were taken over a 30 h time 
period and proteins prcscn1 in lhc samples were assessed for radio;ictivi1y. The results of 
both cxpcrimcn1s were 1cs1cd for significance using 1hc 1wo-tailed Mann-Whuncy U-tcst. 
The rcsul1s showcU that I \l, (15.5 mM) STDHF signilicanlly decreased MTR by �'h: 
(n=6. P<0.05) and 1ha1 1his effect could be miligaJcd by the presence of 5 mM PC. 
STDHF ( I%) also caused a signilican1 increase of mucus glycoprotcin sccrclion by the 
tracheae compared to lhc con1rol (n=4. P<0.05). The effect of SWHF on the mucociliary 

-\ipparatus could alter the 1imc. thal naS.11 fonnulalions remain in con1ac1 wilh the 
absorbing mucosa whereas inclusion of PC may modify this effect.· 
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PARTICLES A�D THE RESPIRATORY BRONCHIOLE: PATTERNS OF 
DEPOSITION AND CLEARANCE. KE Pinkerton J Peake CG Flopper DM Hyde 
BK TarkjngJon School of Vclcrinary Medicine, University of California, Davis. CA 

Respiratory bronchioles (RB) form the lransilional zone be1wccn the conducting 
airways and alveoli in lhc primate lung. These anatomical units arc defined as 
airways with occasional �lvcolar.9.�tJ':')Cke1ings•along thcfr walls. The interdigita1ion 
of bronchiolar epilhelial cell types witlioalveolarepithclial· cells in the RB reprcscnls 
a unique microcnvironment for cell and iissue rcsRonses to particles and oxidan1 
poll�tanl�. The purpose of this s1udy was 10 determine the deposition p�tlerns of 
particles m RBs of Rhesus monkeys. Animals. were exposed for a 3 hour period 10 
aerosolizctl fluorescent 9cllow-grcen microspheres J·µ in diameter. Within two hours 
of the end of exposure lbc lungs were fixed by inlravascular perfusion of 
glu1araldchyde-paraformaldchyde solution. lmmcdiately following exposure, 
numerous single microsphcrcs were scancred in a pa1chy distribution along 1hc 
onduc1ing airways. RBs. and alveolar ducts wi1h the highest conccn1rations found 

on the bifurcalion ridges. In RBs. more microsphcrcs were found on the alvcolated 
side of lhe RB wall compared wilh the non-alvcolatcd side. Microsphercs wi1hin 1he 
RB were scanercd on lhc surfaces of tissue crests forming 1hc mouth openings of the 
alveoli and inio the alveoli. By 24 hours. mosl microsphcrcs had clcartd from the . 
.cond,r�ling airwa�s . . In striki�g conirast, 1many micr?sphcres rcmaJncil in RB� and 
alvcolt. The d1stnbuuon of m,crosphcrc.s at 24 hours m RBs had sh1f1ed primarily to 
small clus1crs rather than single microsphcrcs. Microsphcrcs o·n the alvcolatctl side 
of the RB continued 10 be the dnminant' localion of spheres in the RB with linle 
clearance from this level in the lungs. We conclude that parlicles depositing in 
respiratory bronchioles arc preferentially localized 10 /he alveolatcd portions of the 
wall. undergo active redistribution following deposition, but unlikc"'_ariiclcs in 1he 
conducting airways, are retained at sites of deposition in RBs for a!'llcast 24 h'!Jurs 
following inhala1ion. 

A REGIONAL MODEL OF PARTICLE DEPOSITION IN FIVE SP.ECIES OF··_ 
LABORATORY ANIMALS. MG Mcnache1 , FJ. Miller2 and 0G Rubel. 1Dukc 
University. Durham, NC. 2CIIT. RTP,NC, 3Univcrsity of California, Davis. CA, USA. 

Interpretation of toxi,ological rcspor,scs in animals can be improved by infonnalion 
on dose delivered to the target sjte. Knowledge of dose at the target site is needed to 
extrapolate from an observed experimental re.ult to olher species (generally humans) or 
to olber exposure regimens in the same species. An empirical model of regional 
deposilion in the cxlrathoracic (ET), tracheobronchial (TB) and pulmonary (P) ,regions 
bas been developed from published data on particle deposition in animals. The model 
describes regional deposition of particles in the aerodynunic diamcler range (d,.>0.5 
µm) for a mean iitspiratory now rale (Q) and is analogous to a series of filters or 
compartments removing particles on inhalation and exhala�on. Di.ta on regional 
deposition were used to estimate regional efficiencies (deposition in a compartment 
normali=l lo mass entering the compartmen[). The expected values of efficiency (q) 
were tit using logislic functions wilh d,. or d,.2Q as the independent variables: 

ET 
indcp var (X) d,. 2Q 
parameter a (J 
mouse 0.7 -2.2 
hamsler 2.0 -3.5 
rat 6.6 -5.5 

guinea pig 2.3 -1."J 
rabbi! 4.3 -1.6 

E(TJ)-
1 +e ••D.43-43PlnX 

TB 
d" 

a (J 
L6 -2.9 
J.9 -2.9 
1.9 -2.1 
2.5 -0.9 
2.8 
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p 
d,. 

a (J 
I.I -3.2 
I.I -7.2 
2.2 -9.5 

0.8 0.6 
2.6 -2.0 

Species Differences in Tra·cheal M�c.us Rheol�gy and !=learance Rate 
Tomkiey.icz RP, Im Hof V, Gehr P, De Sanctis GT, Rubin BK, Kmg M. 
Pulmonary Research Group. Univ. of Alberta, Edmonton, Canada;_ Cardinal Gl_�nnon_ 
Hospital, St. Louis, MO; Inslitute of Anatomy, Umv. of Berne, Sw11zerland; Brigham 
& Women's Hospital, Boston, MA. 

Considerable differences between species in airway size, epithelial polential differ­
ence (PD) and mucociliary clearance rates have been derived from previous studies. 
Mucus rheology is one of t he major co�lributing f�ctors to mucociliary_ clearance. In 
this study we compared mucus rhe_olog1cal properties and transpo�b1l11y of samples 
collected from six mammalian species and relaled the data 10 mucoc1Itary clearance and 
tracheal diameter. The samples were collecled by cyt_ology brush or endotracheal tube 
technique: no-mucokinetic treatment was applied. Rheologi.c analysis.was performed 
by magnetic microrheometry (King I 988) and reported as v1scoelasuc1ty, log G• at I 
raii/s. Mucociliary clearability (MCI) was assessed directly by the frog palate assay. 
except in rat and horse. where it was computed from rheolo!(tCal pr0I?ert1e�. Tracheal 
mucociliary velocity (TMV) was measured by hronchoscop,c or rad1olog1c observa­
tions of tracer particle clearance. The da1a are reporled as means ± SD. 

Trach djam fmml TMV fmmlmiul lqe G• < I r;,d/sl MC.!.ln<..'!l!.!illil!! 
Rat 3.4 1.9±0.7 2.63±.25 (0.7/ t ./OJ 
Rabbit 5. 3.2±1.1 2.83±.28 .54±.13 
Ferret 4. 10.7±3.7 2.5 7±.49 58±.25 
Doe 16. 1 2.7±1.3 2.25±.38 .71±.24 
Man 20. 15.5±1.3 2.19±.39 .93±.41 
Horse 45. 10.0±1.5 1.75±. IS (l.03 t..04) 

Different experimental conditions and me1hods of colli:ction m�Y. account for-some 
of the variation seen, but the overall trend is very clear· v1sc_oclas11c1ty decreases with 
increasing size of the an_imal. These varialions_in n:iu_cus r�eology, "".hich could renecl 
interspecies differences 111 PD, may asstst m m1mmmng differences m tracheobronch,-
al residence times of material 10 be cleared. • -

S11ppor1ed in var/ hv MRC Canada. SNSF 32-32513.YJ. am( .ff Jul,nson Fnd. 

A263




