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Effects ofa single dose of3-methylindole (3-MI)
(250 mg/kg intraperitoneally) were studied at
different times rangingfrom 12 hours to 2 weeks
post-treatment (PT). Microscopic study revealed
mild Clara cell injury 24 hours PT and mucus
hyperplasia 24 hours to 2 weeks PT. Diffuse type
I alveolar epithelial cell necrosis occurred at 48
hours,followed by type II ceU hyperplasia. Septal
edema and accumulation of interstitial and cap-
illary polymorphonuclear leukocytes and
perivascular mixed mononuclear inflammatory
ceUls accompanied the injury and repair. A grad-
ual resolution oflesions with persistent mononu-
clear inflammatory cellular clusters at septal
junctions,focal septalfibrosis, and accumulation
of alveolar macrophages was evident at 1 and 2
weeks PT. CoUagen, measured as hydroxypro-
line, in 3-MI-treated rats was signiqcantly
increased to 130% and 139% of control (3.0
mg/lung) at 1 and 2 weeks PT, respectively.
Biphasic peaks ofplasma 6-keto-prostaglandin
Flif occurred at 12 to 24 hours and at 96 hours PT
with 3-MI and thromboxane B2 was elevated 12,
48, and 96 hours PT. Right ventricular/left ven-
tricular and septal weight was increased to 120%
and 140% of the control I and 2 weeks PT. We
concluded that 3-MI induces alveolar septal
injury in the rat with relatively complete repair
of the alveolar epithelium and residual mild
focal septal fibrosis and pulmonary hyperten-
sion 2 weeks PT. Arachidonic acid-derived medi-
ators and inflammation are associated with
3-MI-4nduced lung injury. (Am J Pathol 1993,
142:129-138)

3-Methylindole (3-MI), a ruminal fermentation prod-
uCt of L-tryptophan, is thought to be the etiological

factor in acute bovine pulmonary edema and emphy-
sema in cattle.1 Evidence suggests that 3-MI is
metabolized by the cytochrome P-450-dependent
mixed-function oxidases in the lung to a reactive
electrophilic intermediate that alkylates cellular mac-
romolecules, resulting in pneumotoxicity.2

3-MI is pneumotoxic to cattle, sheep, goats, and
mice. Lesions induced by 3-MI in these species
include diffuse type alveolar epithelial cell necrosis
with subsequent type 11 cell hyperplasia, capillary
endothelial cell necrosis, Clara cell necrosis, interal-
veolar septal edema and inflammation,3-9 and
changes in the pulmonary vascular wall.10 11 In con-
trast, 3-MI induces bronchiolitis and obstructive pul-
monary disease in horses with apparently no alveolar
epithelial cell injury.12 Two previous studies have
evaluated 3-MI-induced lung injury in rats.13'14 In
one study, light microscopic changes in the lungs of
rats after intraperitoneal injection with 3-MI included
Clara cell necrosis, endothelial cell necrosis in pul-
monary veins and venules, and type 11 cell
proliferation.13 A second study using electron
microscopy described Clara cell necrosis in the
absence of endothelial cell or type epithelial cell
changes in rats 24 hours after administration of
3-MI.14 A complete time-course study of light micro-
scopic and ultrastructural changes induced by 3-MI
has not been performed in the rat.
The role of inflammation in 3-MI toxicity has not

been evaluated in the rat. Arachidonic acid is a con-
stituent of cell membrane phospholipids of a wide
variety of cell types. Arachidonic acid is metabolized
via the cyclo-oxygenase pathway to prostaglandins
and thromboxanes. Elevated plasma levels of throm-
boxane A2 (TxA2) and prostaglandins have been
demonstrated in many pulmonary diseases includ-
ing adult respiratory distress syndrome, bleomycin-
induced pulmonary fibrosis, and cystic fibrosis.15-17
Thromboxane B2 (TxB2) is a stable metabolite of
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TxA2 that is a potent vasoconstrictor and platelet-
aggregating agent. Thromboxanes are produced
primarily by platelets and neutrophils (during
phagocytosis). Endothelial cells and resident lung
cells, including lung fibroblasts, also have been
shown to synthesize TxA2.18'19 Plasma 6-keto-pros-
taglandin Fl,,, a stable metabolite of prostaglandin 12
(PGI2), is a vasodilator and inhibits inflammation-in-
duced platelet aggregation. It is synthesized prima-
rily by endothelial cells, but type 11 alveolar epithelial
cells, alveolar macrophages, and lung fibroblasts
also have been shown to produce PGl2.2>22

The purpose of this study was to demonstrate
time-related light and electron microscopic changes
induced in rats following a single, intraperitoneal
dose of 3-MI and compare these changes with those
induced in previous studies in the rat. Additional
objectives were to correlate time-related pathologic
changes with circulating levels of the inflammatory
mediators TxA2 (measured as TxB2) and PGI2 (mea-
sured as 6-keto-PGF1,), and to determine whether
injury induced by 3-MI is reversible or irreversible by
evaluating collagen deposition (fibrosis) and right
ventricular hypertrophy as an indication of pulmo-
nary hypertension.

Materials and Methods
Adult Sprague-Dawley rats (Bantin and Kingman,
Fremont, CA), 300 to 350 g, were housed two per

cage and fed rat pellets and water ad libitum. After a

7-day acclimation period, 63 rats were given a sin-
gle, intraperitoneal injection of a 12.5% (w/v) solution
of 3-MI in propylene glycol (250 mg/kg). Twenty-one
rats served as controls and were injected with pro-

pylene glycol intraperitoneally. Twelve rats (three
controls and nine treated rats) were killed at each
time interval of 12, 24, 48, 72, and 96 hours, 1 week,
and 2 weeks post-treatment (PT) by exsanguination
under pentobarbital anesthesia.

TxB2 and 6-Keto-PGFia
Blood levels of TxB2 and 6-keto-PGFi, were mea-
sured by radioimmunoassay (RIA) according to the
procedure described by Chandler and Giri.16 Whole
blood was collected in heparinized syringes, trans-
ferred to tubes containing 2 mg of indomethacin,
mixed, and centrifuged. The resulting plasma was
measured, acidified by 6 N HCI (0.1 ml/ml of plas-
ma), and spiked with approximately 2000 cpm
[3H]-TxB2 or [3H]-6-keto-PGFia to monitor recoveries
of both TxB2 and 6-keto-PGFia. Plasma samples
were frozen at -20 C until assayed. Plasma samples
for prostaglandin or TxB2 measurement were
extracted with chloroform in the presence of NaCI.
The chloroform extract was dried and reconstituted
in 0.1 mol/L (molar) phosphate-buffered saline with
0.1% gelatin. Predetermined aliquots of reconsti-
tuted sample were used in the RIAs for TxB2 and
6-keto-PGF1,. After overnight incubation, bound
counts were separated from unbound counts using
ice-cold dextran-coated charcoal in the phosphate-
buffered saline and gelatin. Levels of prostanoids
were calculated from RIA standard curves. A 300- to
400-pl aliquot from each sample was used to deter-
mine percent recovery. Control values represent an
average of values obtained from three propylene gly-
col-treated animals at each time point. Values were
averaged into one control value because there were
no radical differences in control values between time
points.

Figure 1. Transmission electron photomicro-
graph of the interalveolar septal wall of a control

:. rat. A type I epitbelial cell (Ep) and an endotbelial
cell (En) are shoun. (Uranyl acetate antd lead cit-
rate, x3120.)
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Figure 2. Transmission electron photomicro-
grapb of the interalveolar septal aill o?fa rat 48
boirs PT with MI There is ttpe I cell niecrosis
with exposure of the basal laminia (arrow). Note
the absence of enidothelial (Eni) and tipe II epi-
thelial (Ep) cell inlurv. (Uranil acetate anid lead
citrate x 5345.)

Light and Electron Microscopy

At each time point, three 3-MI-treated rats and one
control rat were randomly chosen for histological
studies. The tracheas and right ventricles were can-
nulated and the lungs were fixed by tracheal and
vascular perfusion at constant pressures of 20 cm
H20 and 100 cm H20, respectively, with modified
Karnovsky's fixative (550 mOsm, pH 7,4).23 Four 1 x
5 x 5 mm tissue blocks of select airway generations

(generations 5, 6, 8, and 9) off the intrapulmonary
bronchus of the left lobe were taken from each rat
according to the procedure previously described by
Wilson and associates24 and were embedded in
epon aryldite. A 1-pm section from each of the four
tissue blocks was stained with toluidine blue and
examined by light microscopy. Two thin sections, one

that included the central airways and another with
the surrounding parenchyma, were cut from the tis-
sue block with generation 6 and mounted on grids,

Figure 3. Transniission electroni photomicro-
graph of the interalveolar septal talW/ of a rat 96
boors PT with 3-MI. Tpe IH epitbelial cell hvper-
plasia is demnonstrated bp, tipe II cell in mitosis
(arrow) ad;acenit to aniother tlpe ll cell. The
miitotic tipe HI cell appears to have separatedfrom
the disrupted basal lamiina (arrowhead). There is
electron Iiucenic-, (edenia) of the interstitium.
(tlran1l acetate and lead citrate, X 5037.)
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Figure 4. Transmission electroni photomicro-
graph ofbronichiolar epithelium from rat 48 hours
PT uith 3-ilII. Clara cell contains large autolysos-
omal vacuole (arrou'). Ad/acenit ciliated epithelial
cell contains a smnall autolvsosomal vacuole.
uwhich uwas a rare fincdinig. (UranYil acetate anid
lead citrate, X._J33.3

stained with uranyl acetate and lead citrate, and
examined with a Zeiss IOA transmission electron
microscope.

Vessel Measurements

Measurements of a cross-sectional area of pulmo-
nary arteriolar adventitia, media, and lumena were
done with computer-assisted planimetry (JAVA, Jan-
del Scientific, Corte Madeva, CA). Eight cross-sec-

ional profiles of parenchymal (intra-acinar) arterioles
)er block were selected. Vessels were identified as
irterioles on the basis of location near alveolar duct
tructures and previously published histologic
,Iriteria.24 Measurements of the entire cross-sec-
ional area at the border of the adventitia with alve-
flar parenchyma, area internal to the external elastic
amina, and lumen area were made. The percentage
A total cross-sectional area represented by adven-
itia, media, and lumen was calculated by subtrac-

,*:0 '% ..f*i ow 6%
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Figure 5. Tranismission electron photomicro-
graph ofbrotnchiolarepitheliumfrom rat96bhours
PT uith 3-W.MIlMictis metaplasia " of Clara cells.
Note mucuis granuiles (M4) in the apical cytoplasm
of Clara cells. Mucus cells were not present in the
bronchioles of conttrol rats. (Uranyl acetate and
lead citrate, x4380.)
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tion of the other components of these measurements
and expressed as percent of total area. Average
arteriolar external and lumen diameters were esti-
mated by calculating the diameter of a true circle
with that area.

Collagen Deposition and Ventricular
Septal Weights
The lung lobes were excised at the hili and immersed
in liquid nitrogen. The lung tissue samples were

stored at -80 C until assayed for collagen. Hearts
were dissected from the lung tissue. Atria and large
vessels were removed and the right ventricular wall
was cut flush with the septum and weighed. The left
ventricle was weighed and the right ventricular wall
(RV) to left ventricular wall + septum (LV + S) was

calculated. One-milliliter aliquots of whole lung
homogenates in saline were used to determine total
lung collagen in rats 1 and 2 weeks PT, according to
the procedure previously described.25 Samples
were precipitated with ice-cold trichloroacetic acid
and precipitates were hydrolyzed overnight in Teflon-
sealed capped tubes in 2 ml of 6 N HCI. The hydroly-
sates were spiked with [3H]hydroxyproline and
decolorized with charcoal. The spiked samples were

filtered and neutralized, and the volumes were

recorded. An aliquot of each was counted for recov-

ery, and duplicate aliquots were used for the assay.

The color was developed with p-dimethylaminoben-
zaldehyde after timed oxidation using chloramine-T.
Each value was corrected for recovery.

Statistics

Statistical analysis was done with a microcomputer-
based statistical analysis program (Numbercruncher
statistical systems, version 5.0, Kaysville, UT). Treat-
ment effects on ventricular weight ratios, pressures,

and vessel measurements were evaluated by analy-
sis of variance with Fischer's least significant differ-
ence post-hoc test. Differences between individual
group means were compared by t-test. Nonparamet-
ric evaluation of subjective light microscopic lesion
scores was done by comparison of individual group

means by the Mann-Whitney U-test.

Results
Light and ultrastructural changes were not detected
12 hours PT with 3-MI. Alveolar septal changes were

minimal 24 hours PT and limited to sporadic mito-
chondrial swelling in type epithelial cells. There was

a broad spectrum of ultrastructural changes in 80%
to 90% of type cells 48 hours PT compared with
control rat lungs (Figure 1), which included cytoplas-
mic blebbing and swelling of smooth endoplasmic
reticulum and, less frequently, overt necrosis and
denudation of the alveolar septal basal laminae (Fig-
ure 2). Type epithelial cell necrosis was most severe
72 and 96 hours PT and resolved 1 week PT. Type 11
epithelial cells were hypertrophic and mildly hyper-
plastic 48 hours PT. Type 11 cell hyperplasia was
marked 72 hours PT, maximal 96 hours PT (Figure 3),
and resolved 2 weeks after 3-MI treatment. There
was no morphologic evidence of endothelial or type
11 epithelial injury (Figure 2) except for rare focal
necrosis associated with local aggregates of
neutrophils. Airway changes were seen primarily in
Clara cells 24 hours PT and characterized by loss of
secretory granules, prominent smooth endoplasmic
reticulum, and formation of autolysosomes (Figure
4). Mucus goblet cells were present in bronchioles
48 hour-2 week PT (Figure 5) but were not present in
the bronchioles of any of the control rats (Figure 6).

Interstitial edema was first evident 24 hours PT
with 3-MI when compared with lungs from control
rats (Figure 7). Forty-eight through 96 hours PT, there
was diffuse accumulation of mixed inflammatory cell
infiltrates (Figure 8), composed predominantly of
neutrophils, monocytes, and macrophages in the
interalveolar capillaries and septa. Alveolar mac-
rophages were diffusely scattered throughout the
parenchyma within alveolar spaces 72 and 96 hours
PT. Interstitial infiltrates persisted as mononuclear
inflammatory cell clusters associated with focal fibro-
sis at septal junctions and around intrapulmonary
vessels 1 week PT (Figure 9) and was diminished,
but still apparent, 2 weeks PT (Figure 10). A mild,
diffuse thickening of the interalveolar septal intersti-
tium, which was not apparent on examination using
light microscopy, was evident ultrastructurally 1 and
2 weeks postinoculation and associated with an
increase of interstitial collagen.

Intra-acinar pulmonary vessels displayed mild inti-
mal and medial electron lucency (edema) 48 hours
PT, which progressed to a moderate perivascular
edema with adventitial mononuclear inflammatory
cell infiltrates 72 and 96 hours PT. The adventitia and
tunica media of alveolar duct-associated intra-acinar
pulmonary vessels showed significant thickening 1
week PT (Figure 11) with return to control levels 2
weeks PT (Table 1). Adventitial thickening was due to
edema and mononuclear inflammatory cell infiltrates,
and medial thickening was due to a mild, diffuse
increase in the extracellular matrix and smooth mus-
cle hyperplasia.
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Figure 6. Flectron photomicrograbph of bronchi-
olar epithelium from control rat. Twzo Clara cells
(C) are located between ciliated epithelial cells.
(Uranvl acetate anid lead citrate. X 5030.)

Plasma levels of 6-keto-PGFi, in 3-MI-treated rats
were biphasic and significantly elevated compared
with controls 12 to 24 hours and 96 hours PT (Figure
12). TxB2 was significantly elevated 12, 48, and 96
hours PT when compared with controls (Figure 13).
Collagen (measured as hydroxyproline) showed a

significant increase of 130% and 139% of controls (3
mg/lung) at 1 and 2 weeks PT with 3-MI. RV/LV + S
was increased to 120% and 140% of the control at 1
and 2 weeks PT (Figure 14).

Discussion
It appears there is wide species variation in response
to a single dose of 3-MI with respect to effective
dose, response time, and target cell population. Our

Figure 7. Light photomicrograph of lunlg from control rat. (Toluiidinle
blue, x650.)

study demonstrates that the time interval between
the administration of 3-MI and ultrastructural
changes is much longer in the rat than reported for
ruminants. 3-Methylindole administered to goats (40
mg/kg) induces changes similar to those described
in the rats in this study, which are evident 30 minutes
after treatment and become progressively more

severe by 24 hours PT.7 Unless there are early
changes that are transient and completely resolved
by 12 hours PT, it appears the response time from
inoculation to morphologic evidence of injury in the
rat is delayed and may be attributed to alternate
metabolic pathways in this species.2

Figure 8. Light photomicrograph oflntgfrom a rat 96 hou,rs PT uith
3-MI. There is thickeninig of the interalheolar septa uwith tope II epitbe-
lial cell hyperplasia antd accumulilationi of intflammiatory cells in the
interstitium. Large nuiimbers of alveolar macrophages hai'e accinii-
lated in alveoli. (Toliidinie bluie, x 400 )

iI.
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Figure 9. Light photoinicrograph of Ilong from a rat I ueek PT with
3-.1/I 1 assciiar changes incl/deperivascidlar edemtia anid niononuclear
inflJaniiatori cell infiltration. Anote niildl tipe 11 epithelial cell hiper:
plasia is still eiident. (Toliuidinie blue.) x300.)

Target cell populations and degree of resistance
to cytotoxic effects of 3-MI appear to vary among

species. Type epithelial cell necrosis is a consistent
feature of 3-MI pneumotoxicity in ruminants3'7 and
mice9 but not in the horse.12 Pulmonary capillary
endothelial cells have been shown to contain cyto-
chrome P-450 mixed-function oxidases in the rab-
bit26 and in the rat (C. G. Plopper, personal commu-

nication) that are required to metabolize 3-MI to an

active electrophilic intermediate.2 Type epithelial
cells are intimately associated with capillary endot-
helium and may be particularly sensitive to cytotox-
icity because of their large membrane surface area

and relative lack of organelles and endogenous
detoxification mechanisms.

Our study is the first to demonstrate 3-MI-induced
type alveolar epithelial cell necrosis in the rat. Pre-
vious studies in rats either did not evaluate alveolar

Figure 10. Light photomicrograph of lming from rat 2 ueeks P7 auith
3,1/1. Initerstitial amid perivascilar niomiomiucclear inflanmmatory cell
clusters- persist. Note epithelial changes haive resolied. (Toluiidilie blue,
x o00.)

Figure 11. Light photomicrograph of ani initraaciniar arteriole with
thickenied tiunica media anid adientitia. (Toliodinie blie, X 900.)

epithelial cells13 or terminated the study before the
time point when epithelial changes were apparent,
as found in our study.14 In the former study, changes
were evaluated by light microscopy, making differen-
tiation of specific epithelial changes difficult. The
type 11 cell hyperplasia seen in the former study may
indicate that type cell necrosis had occurred. It
must also be noted that rats in the former study
received dietary supplementation with vitamin E and
selenium,13 which may have mitigated epithelial
changes. Selenium-containing enzymes of the glu-
tathione peroxidase-glutathione reductase system
have been shown to play an important role in detox-
ification of 3-MI. Pulmonary glutathione modulation
has demonstrated that 3-MI-induced pneumotoxicity
can be increased or decreased by depletion with
diethyl maleate or supplementation with cysteine,
respectively.27

3-Methylindole induces overt Clara cell necrosis in
goats7 and horses.12 In horses, Clara cell necrosis is
followed by degeneration and necrosis of the bron-
chiolar ciliated cells and results in chronic obstruc-
tive pulmonary disease.12 Clara cell changes in the
rats in this study were mild and characterized as
autolysosome formation and persistent mucous cell
"metaplasia." Mucus-secreting goblet cells are not
normally present in the bronchioles of rats28; there-
fore, their presence 48 hours to 2 weeks PT is an
indication of cellular transformation, most likely
derived from the secretory Clara cell population.
Transformation of airway surface epithelial serous to
mucus cells as a result of airway irritation is well
documented.29 Clara cell pathology is a consistent
feature of 3-MI pneumotoxicity in most species. This
would correlate with the postulate that bioactivation
of 3-MI is mediated by cytochrome P-450-
dependent mixed-function oxidases, because high
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Table 1. 3-MI-treated Rat Intra-acinar Vessel Mean Thickness and Area Percent*

Percent area
Adventitia Media Lumen

SD SD SD
Control 33.2 ± 14.2 12.5 ± 5.2 54.3 ± 16.5
1 week 41.8 ± 11.3t 18.5 ± 6.9t 39.7 ± 11.1t
2 weeks 28.4 ± 7.3 10.5 ± 3.5 61.1 ± 7.4
Mean thickness (mm)

Vessel Lumen Adventitia Media
SD SD SD SD

Control 0.058 ± .02 0.044 ± .02 0.0101 ± .004 0.004 ± .003
1 week 0.065 ± .02t 0.040 ± Olt 0.0161 ± .009t 0.009 ± .004t
2 weeks 0.054 ± .01 0.042 ± .01 0.0084 ± .004 0.003 ± .001

* Adventitial and medial area percent and mean thickness (mm) of intra-acinar pulmonary arterioles in control, 1 week, and 2 week PT groups
(analysis of variance with Fischer's least-square post-hoc test, P < 0.05).

t Indicates significant elevation over control.

concentrations of smooth endoplasmic reticulum
likely to contain cytochrome P-450 are present in
Clara cells of rats, horses, and ruminants.30 31 In our

study, ciliated cells were also, yet less frequently,
affected. Changes in ciliated cells are thought to be
secondary to Clara cell injury, possibly because of
loss of intercellular contact.12

Generalized endothelial cell necrosis was

described 24 hours PT with 3-MI in a previous light
microscopic study in rats,13 but was not seen in our

study or in a previous ultrastructural study 24 hours
PT.14 The difference in endothelial cell susceptibility
may be related to the carrier agent used in the light
microscopic study, and in fact, it was noted that con-

trol animals inoculated with Cremophore alone had
mild, early vascular endothelial cell changes, which,
in combination with 3-MI, may have initiated progres-
sive injury.13 Fixation technique and the difficulties in
differentiating type cells from endothelial cells by
light microscopy also may explain these conflicting
results. Endothelial cell changes have been reported
in 3-MI-treated mice,9 yet it was noted that neutro-
phils were present in capillary lumena in close
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proximity to altered endothelial cells. These authors
postulate that neutrophils could play a role in the
development of 3-MI-induced endothelial cell
damage. Focal endothelial cell necrosis was only
seen rarely in our study 72 and 96 hours PT and was

associated with focal aggregates of inflammatory
cells, suggesting that endothelial cell injury is a non-

specific change and probably a result of release of
inflammatory mediators by local leukocytes.

Reports of microvascular endothelial cell injury are
variable in different species. Early transient changes
of endothelial cells and disruption of intercellular
junctional integrity may be present in all species but
missed in this study and others because of experi-
mental design with respect to the time points
studied. Perivascular edema is an early feature of
3-MI-induced toxicity in many species and may be
an indication of altered endothelial permeability.7'9
Plasma PG12 (measured as 6-keto-PGF1,J) was sig-
nificantly elevated before morphologic evidence of
cell injury was apparent and may reflect early injury
of endothelial cells because PG12 is an endothelial
cell-derived prostaglandin. It should be remem-
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Figure 12. Plasma 6-keto-PGF,,, concentrationis in rats treated uvith
250 mg/kg 3-MI (ninle treated anid three control rats). *indicatw sig-
nificant elevation over control (analysis ofvarianzce u'ith Fischer's least
significant difference post-hoc test, P < 0.05).
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Figure 13. Plasma TxB2 concentrations in rats treated uith 250
mg/kg 3-MI (nine treated and three control rats). *indicates significant
elevation over control (analvsis ofvariance with Fischer's least signif-
icant difference post-hoc test, P < 0.05).
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Ventricular Weight Ratios in 3 Ml Treated Rats
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Figure 14. Ventricular weight ratios of rats treated with 250 mg/kg
3-MI. *indicates signtificant elevation over conttrol (analysis ofvariance
uith Fischers least significant difference post-hoc test, P < 0.05).

bered, however, that type 11 alveolar epithelial cells,
alveolar macrophages, and lung fibroblasts also pro-
duce PGI2 20-22
A previous study that examined plasma concen-

tration of 6-keto-PGFia and TxB2 found no significant
differences between controls and 3-MI-treated
goats.32 This work found radical fluctuations in con-
centrations of prostanoids in pretreated goats. We
did not observe similar fluctuations in control values
at variable time points in rats. In addition, signifi-
cantly elevated concentrations of prostanoids in
treated animals were 3 to 5 times the control values.
Ruminants, in contrast to rats, have a significant pop-
ulation of intravascular macrophages that could con-
tribute to the levels of circulating prostanoids.33 The
lack of significantly elevated plasma levels of pros-
tanoids in goats may reflect more rapid metabolism
and excretion of the acidic prostaglandin
metabolites.

The second peak of plasma levels of 6-keto-PGFi,
96 hours PT corresponds to the peak proliferative
stage when type 11 epithelial cells, alveolar macroph-
ages, and lung fibroblasts show marked activity, and
therefore may reflect prostaglandin production by
these cells. In addition, inflammation was still prom-
inent at this time point, and oxygen radicals evoked
by the inflammatory process are known to stimulate
synthesis of prostaglandins.34'35

TxA2 (measured as TxB2) was elevated 12, 48,
and 96 hours PT Lung fibroblasts and platelets syn-
thesize TxA2, and neutrophils produce TxA2 during
phagocytosis. 18 Although evidence of platelet
aggregation was not apparent in our study, it has
been noted to be a feature of 3-MI pneumotoxicity in
some species.9 Intravascular fixation may have
removed platelet thrombi, or the inhibitory effects of
PGI2 on platelet aggregation may have overcome the
effects of TxA2. Sustained levels at later time points

may reflect the fulminating inflammatory response
and initiation of fibroplasia.

Repair of 3-MI-induced epithelial cell damage
appears to be relatively complete by 2 weeks PT.
Collagen levels, measured as hydroxyproline, were
moderately increased over controls 1 and 2 weeks
PT. This was apparent morphologically in the form of
vascular medial fibrosis, which was most prominent
at 1 week PT, and correlated with significant thicken-
ing of the vascular walls. Patchy fibrosis was also
apparent at septal junctions in addition to mild, dif-
fuse interstitial fibrosis, and may account for the
higher collagen content of the lungs 2 weeks PT
when morphologic evidence of perivascular thicken-
ing had subsided. Shifts in the ventricular weight
ratios suggest the development of pulmonary hyper-
tension in the 1 week and 2 week groups. Pulmonary
hypertension may be associated with apparent tran-
sient smooth muscle hyperplasia, perivascular and
interstitial deposition of extracellular matrix, or the
vasoconstrictive effects of the circulating arachi-
donic acid metabolites (TxA2).

In conclusion, we have shown that 3-MI induces
pulmonary injury in the rat with mild changes in Clara
cells and necrosis of type epithelial cells. Epithelial
repair of 3-MI-induced injury in the rat appears to be
relatively complete 2 weeks PT with residual mild
septal fibrosis and pulmonary hypertension. We
have also shown that inflammation may be intimately
associated with the process of 3-MI injury of the lung.
Finally, 3-MI-induced pneumotoxicity in the rat (at a
dose of 250 mg/kg) is a good model of reversible
epithelial cell injury and repair in the lung, and has
potential as a model of pulmonary hypertension.
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