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PULMONARY CLEARANCE OF WELDING FUME PARTICLES AS ASSESSED BY 
MAGNETOMETRY AND CONFOCAL MICROSCOPY. 
JM Antonini RA Rogers GG Krishna Murthy. BA Ekstein J Lal and JD Brain. 
Harvard School of Public Health. Boston, MA 02115 

· Pulmonary responses to welding exposures may vary due to the materials used 
during welding. Welding fume was collected during shielded electric arc welding 
from two types of consummable eloctrodo wire: stainless steel (SS) and mild steel 
(MS) . The objectives were to analyze the composition of the samples, describe the 
pu:mona1y clscmm.:s kliistics v: the:: tvvu t...;rnc::s, ar.d dt:vt:!op ff1t:'thuds tGr irnagi11g 
fume particlC!s in the lungs. Bulk analysis of the metal constituents of the fume was 
characterized by energy dispersive spectroscopy (SS: 52.3% Fe, 22.2% Cr, 18.3 % 
Mn, 4.9% Ni, 2.3% Si; MS: ·89.2% Fe, 8.2% Mn. 2.6% Si) . CDNPF rats (n=4) were 
inlratracheally instilled (1 mg/100 g b wt) with the SS or MS welding fume samples 
suspended in sterile saline. At 1, 7, and 14 days post-instillation, the lungs were 
removed. Due to the magnetic nat.ure of the welding fumes, the quantity of particles 
present in the lungs could be assessed by magnetometry. The MS welding fume 
was eliminated from the lungs faster (p<0.05) than the SS welding fume. By 14 
days, 35.5% of the initial dose of the MS particles but only 7. 7% of the SS particles 
had bean cleared from the lung. Images of particles .in lung tissue were generated 
by confocal microscopy of aldehyde-fixed, fluorescent-stained (Luciler Yellow CH; 
0.1 mg/mQ lung pieces embedded in Spurr's epoxy. Images were recorded from 
a laser scanning confocal microscope fitted with an argon•ion laser using the 488 
nm excitation light. With a fluorescent emission spectra >510 nm, lung tissue and 
cells were imaged. When using polarized light <510 nm simultaneously passed lo 
a separate optical pa~h. images of welding fume in the lungs were recorded which 
were suitable for quantitation. We have developed a method to image particles in 
lungs and have shown that welding fumes of different composition are cleared at 
different rates. (Am~rican Welding Society and NIOSH 109979). 
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RATS EXPOSED TO CIGAREITE SMOKE HA VE ALTERATIONS IN LUNG 
l'ROTEOGLYCAN C0:1,JPOSITION 
R.Alagar L Tabak. H.G . Gar• R.L Kradio T.V.Kuppcvch and C.A. Hales 
Pulmonary and Critical Care and lmmunopathology Units. Massachusetts 
General Hospital, Harvard Medical School, Boston, t\/lA 02114 
Protcoglycans (PGs) are polyanionic substances that are present in the lung 
within cells, on cell surfaces and in the extracellular matrix. We theorized 
that Jung content and distribution of these compounds may be changed by 
cigarette smoke. Sprague Dawley rats were randomly divided in Jo five 
groups (n=6 in each group).Three groups were exposed to cigarette smoke 
for 5 (Grpl), IO (Grp2), or 20 (Grp3) consecutive days. The other two 
groups (Grp4,Grp5) were controls. Lung parenchyma, airways and 
pulmonary artery were panitioncd and 35[Na2S04] labelled PGs were 
analyzed by cellulose acetate plate electrophoresis. Lung PG content (mg of 
PG/ g wet tissue) was highest in Grp2 rats (63.24 mg/g). Airway 
chondrotin sulfate (CS) levels was highest in Grps I and 3; Grp2 lcvels 
were similar to baseline control values. Ainvay heparin (HP) levels 
increased 15 fold after 5 days of smoke exposure and returned to baseline 
by IO and 20 days of smoke exposure. Pulmonary artery CS and HP levels 
decreased in all smoke exposed groups. lmmunostaining of lungs with anti 
· HP and anti - CS an1ibodies showed a marked decrease in HP siaining of 
lhe alveolar basement membranes in Grps I and 3 compared to the other 
groups. CS staining was not altered. Histopathology showed increased 
cellularity and matrix deposition in Grp I rals and a predominance of 
pcrivascular mononuclear and polymorphonuclcar cells in Grp 2 rats. 
These data suggest that cigarenc smoke inhalation induces changes in lung 
proleoglycan balance. These nuctuations in PG levels may contribute to the 
spectrum of lung injury seen with cigarette smoke.• Supponcd by HL· 36829 

2512 

COMPARISON OF INTEGRIN aE~7 EXPRESSION AND TNF-a PRODUCTION 
IN TWO MODELS OF BLEOMYCIN-INDUCED PULMONARY. FIBROSIS IN 
MICE. Ruedi K Braun' Anja Siemer-Kock' David A. Ferrick' and Shri N Giri1 

1 Dept. Mal. Biosci. and 2 Dept. Pathol. Microbial. & lmmunol.; School ol Vet 
Med.; Universily of Calilornia, Davis, CA 95616 

Lung injury is accompanied by inflammaiion and subsequenl Jibrosis in 
bleomycin (BLM) mouse model of pulmonary fibrosis. We inves/igaled integrin a 
Ep 7 expression on bronchoalveolar lavage (BAL) T lymphocy/es and TNF·a 
production in Iwo BLM models ol pulmonary fibrosis: inlratracheal (I.T., single 
dose) and subcutaneous (sc., mullidose) injection. The dominant T lymphocytes 
inlillraling Iha [ung alter BLM injection were CD4' cells. In the single dose model 
37% of them expressed nEp7 at day 2 and thereafter the· proportion of aEpr 
cell.s decreased to 11% at day 22. Of the cos• cells 4% expressed aEp7 at day 
2. However, the proportion ol nEpr cells increased to 68% al day 22. In the 
mullidose model, about 30% ol the CD4' expressed aE~7 wilh no changes 
throughout tMe experiment. The percenlag·e ol CDS' T cells expressing aEp7 
changed from 30% al day 7 to 1 % at day 21 and increased lhereatter Io 44% aJ 
day 49. More than 80% ol the i-6 T cell population expressed aEp7 at all time 
points with no diflerences between the two models. Moreover, in both models the 
expression ol aEp7 was found to be much higher on i-6 T cells compared to CD4' 
and CDS' cells. Afler I. T. instillation ol BLM Ihe level of TNF-a showed a single 
peak be/ween days 4 and 7. In Jhe multidose model Ihe level ol TNF-n in BAL 
fluid increased sleadily slarting alter 2 ol Ihe 8 s.c. injections ol BLM. Analysis ol 
inlracellular TNF-a revealed Iha! yo T · cells are a potential source for this 
cytokine. These results suggest lhat intraep~halial (aEpr) r6 T cells are able Io 
produce TNF-n and may in part be responsible for the development ol 
pulmonary fibrosis after BLM instillation. (supported by NHLBI grant 2 ROI 
HL27354) 
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EffECfS OF SlLICA EXPOSURE ON SUBSTANCE P IMMUNOREACTIVITY AND 

PREPROTACKYKININ MRNA EXPRESSION IN TRtGEMINAL SENSORY 
NEURONS. D.D Hunter C.F. Stanley and R.D Dey (SPON:V Castranova). 
Deparunent of Anatomy and Mechanical and Aerospace Engineering, West 
Virginia University, Morgantown, WV 26506. 

Trigeminal sensory neurons innervate the nasal cavity and may release 
substance P (SP) upon exposure to inhalated irritants. The purpose of this 
study was to dctcm1ine if silica dust, an occupational irritant causing 
inOammation, activa1es sensory neurons supplying the nasal cavity. Rais 
were placed in inhalation chambers and exposed daily to 2mgim3 of fresh 
silica (<5um) or filtered air for six months (n=3). The trigeminal ganglia 
(TO) were removed and prepared for SP immunocytochemistry and 
preprotackykinin (PPT) in sirr, hybriclization. SP-like immunonuorescence in 
TO neurons was categorized as high. moderate, or low intensity. Ill sirr, 
hybridization autoradiographs were quantified on the basis of grain density 
usjng digital imaging analysis. The SP immunoreactivity and PPT mRNA 
expression in the TG neurons were significanUy increased after ·silica 
inhalation. The proponion of highly positive SP-immunoreactive neurons 
shifled from 1.30±.58% in controls to I 1.30±Ll5% after silica treatment. 
The neurons exhibiting high grain density increased from 1.50±.87% in 
controls to 11.67%±.58 in the silica group. Thus, inhalation of silica resu1Is 
in increased levels of immunoreactive neuronal SP and PPT mRNA. These 
findings suggest that silica activates sensory pathways which may be involved 
in nasal inllammation.(Support by BOM Grant #0 ! I25l42/54A7). 
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PULMONARY FIBROSIS AND CYfOKINES: EXPRESSION OF a­
SM ACTIN BY ALVEOLAR MYOFIBROBU.STS. 
Y. Kapanci. S. Vyalov. A. Desmouliere. D. Andreutti, G. Gabbiani 
Department of Pathology.University of Geneva. CH-1211 Geneva 4 
In normal lungs. fibroblastic cells in alveolar septa contain cytoplasmic 
stress fibers but do not express a-smooth muscle (a-SM) . actin. In 
fihrotic conditions, such as in Bleomycin induced experimental fibrosis 
in the rat and in Idiopathic Pulmonary Fibrosis these cells are 
transformed into typical myofibroblasts (MF) which express a-SM actin 
and then. as shown in the Bleomycin model. synthesize collagen 
(ZHANG et al. Am.J.Pathol., 1994. 145:114). According to our studies 
and others. replication of MF and a-SM actin synthesis by them are 
mediated by cytokines such as TGFb 1 and TFNa. These cytokines are 
stored in- and in part synthesized by-regenerating type II epithelial 
cells and by" alveolar macrophages. Moreover. intratracheal instillation 
of GM-CSF is followed by a-SM actin expression by alveolar MF, and 
potentiates pulmonary fibrosis due to intratrachea! .Bleomycin in the 
rat It appears hence. that TGFbl and TNFa stored in regenerating 
type II epithelial cells. as well as GM-CSF. mediate replication of 
fibroblastic interstitial cells, which are transformed into a-SM actin 
laden MF which in turn synthesize collagen. ·thus producing pulmonary 
fibrosis . (Supported by Swiss National Science Foundaion Grant 
N" 40372.94) 

2513 
DOWN-REGULATION OF COLLAGEN GENE EXPRESSION BY TAUIUNE ANU 
NIACIN IN THE BLEOMYCIN-HAMSTER MODEL OF LUNG 
F!BROSIS.G Gumicyalokshmi . R.JLllrmin. lli.!m. MAHollinucr and .s.JiQiii. Depts.of 
Molecular Biosciences, Sch. of Vet.Med., and Phannacol.Toxicol. in Sch.of Med., Univ.of 
Calif., Davis, CA 95616. 
Taurinc and niacin have been previously fowtd to block the .iccumulation of collagen in lung 
in the multidose blcomycin (BL) hamster model of pulmonary fibrosis(Pf). TI1is study was 
designed lo eyaluate if taurinc and niacin would block the increases in procollagcn I and III 
mRNA levels in the same model of PF. Hamsters were intratracheolly (11) instilled with three 
consecutive doses of saline or BL at weekly intervals (2.5, 2,1.5 unilS/5mUkg). Animals were 
fed diet containing either 2.5% taurine nnd 2.5% n.iacin or the sa.1..uc diet without the drugs 

. tluoughout the experiment. The four groups were saline-instilled \Vilh the same diet (SCD), 
saline-instilled with taurine-niacin in diet (STN). BL-instilled with control diet (BCD), and 
BL-instilled with taurine-niacin in diet (BTN). Steady-state transcript levels in the total RNA 
prepared from lungs of all 4 groups were dctemtined at 0,3,7,14 and 21 days after the BL· 
ins1illation by slot blot and Northern blot analyses. Results indicated that tlte procollagen I 
mRNA level was elevated as compared to saline control by 1.5, 2.25 1.75. 1.6,1.5 fold at 
0,3,7,14, and 21 days after the last IT instillation, rcspectivcly. Jn ril!l2 treaoncnt with taurine 
and niacin decreased the steady slntc level of BL-induced increase of procollagcn I mRNA 
gradually from day O through 21, however, it showed maximal inhibition at day 21. We 
observed a similar pattern of procollagc:n ill inhibition by combined trcaonem with tnurine and 
niacin and it decreased tl,e abundance of this mRNA from day 7 through day 21. A nucle!II'. 
run-on assay is under investigation which would shed light on the do1m-regulation of collagen 
gene expression either at transcriptional or at post transcriptional level. Tola! and differential 
cell counts of bronchoalveolar lavage ccll(s) (BALC) showed no significant differences 
beM'CCf\ SCD and STN control groups. In contrast, the total cell population was significantly 
ltigher iu the BCD group than BTN group. (Supported by NHLBl#5R0I HL27354). 
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