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‘INTRODUCCION.

La fibrosis pulmonar intersticial difusa ( FPID ), es el
resultado final comiin de un conjunto heterogéneo de enfermeda
des agrupadas como neumopatias intersticiales crdnicas, las -
cuales son habitualmente brogresivas, irreversibles y letales
y se¢ caracterizan por presentar inflamacidn difusa y fibrosis
en el parénquima pulmonar. A medida que el padecimiento avan-
za, los cambios morfoldgicos se acompaﬁaﬂ de destruccidn de -
la arquitectura pulmonar con 'pérdida progresiba de las unida-
des de intercambio gaseoso, hasta que el.paciente muere (1).

A pesar‘de que se conocen mﬁltiples entidades capaces de
llevar a FPID, en cerca del 60% de los pacientes es imposible
identificar el agente causal; a esta forma se le dénomina fi-
brosis pulmonar idiopdtica y constituye un problema cada vez
més frecuente en medicina (2). En este sentido, en los EEUU
es responsable de mis de 10,000 ingresos hospitalarios cada -
aflo y se calcula que tiene una prevalencia de 5 a 10 casos -
por 100,000 habitantes (3). En México no existen estadisti--
cas confiables en relacién a la morbimortalidad de este tipo
de padecimientos, pero en el Instituto Nacional de! Enfermeda-
des ‘Respiratorias se han atendido mids de 400 pacientes nuevos"
en los ﬁlti@os‘S afios. )

En términos generales, la FPID muestra rasgos clinicos
' y de laboratorio que permiten sospechar su diagndstico (4).
Los pacientes presentan disnea de esfuerzo progresiva que evo
luciona hasta hacerse de reposo; en la radiografia de térax
aparecen imégenes reticulonodulares bilaterales con disminu--
cidbn de los campos pulmonares y las pruebas respiratorias -~
muestran alteraciones predominantemente restrictivas con dis-
minucién de los volfimenes, capacidades y distensibilidad pul-
monar con aumento de la presién de retraccibn eldstica. En -~
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ventilacidn e intercambio gaseoso se observa hipoxemia de re-

poso que se exacerba con el ejercicio e hipo o normocapnia.

El diagnéstico de certeza se obtiene mediante el estudio
histoldgico realizado en muestras de biopsia. B&sicamente se
encuentran diferentes grados de infiamacién intersticial, con
presencia de células inflamatorias,  -habitualmente macrdfagos,-
en los espacios alveolares, cuboidizacidn del epitelio alveo-
lar por reemplazo de neumocitos tipo I por neumocitos tipo II

y/o c@lulas bronquiolares y fibrosis multifocal o difusa (5}.

En las etapas terminales, la FPID se caracteriza por pre
sentar el llamado "pulmdn en panal", donde de observan espa--
cios aéreos no funcionales de diferentes tamafios, separados
entre si por gruesas paredes de tejido fibroso y cantidades
variables de mfisculo liso (6). Esto representa la forma mas
grave y avanzada de destruccidn del par&nquima y en estas con
diciones el prondstico del paciente es sombrio.

En los Gltimos 10 afios se han realizado numerosos estu--
dios en humanos y modelos experimentales con el objeto de es
clarecer los mecanismos patog&nicos involucrados en el .desa
rrollo de la fibrosis pulmonar, pero los resultados han sido

fragmentarios, contradictorios y poco concluyentes (7-15).

En general, los hallazgos obtenidos sugieren que existen
2 etapas durante el curso de la fibrosis. La primera poten—-
‘cialmente reversible, se caracteriza por la presencia de célu
las inflamatorias en el intersticio y espacios alveolares jun
to con in profundo cambio en las poblaciones celulares del pa
rénquima destacando una disminucién de neumocitos tipo I y de
células endoteliales con proliferacidn de neumocitos tipo II,
células cebadas, células musculares lisas y fibroblastos (7).
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" La segunda etapa consiste en alteraciones moleculares de
la matriz intersticial, con desarreglo progresivo en la ubica
cidn, cantidad y tipos gené&ticos de coldgena y destruccién -
concomitante de las unidades alveolo-capilares. Estos fendSme-
nos marcan el desarrollo de la lesidn fibrosante y se conside

ran irreversibles (7).

Sin embargo, los mecanismos intimos que ocurren en el mi
croambiente pulmonar, responsables de la desorganizacidn de -
la arquitectura normal del paré&nquima siquen siendo desconoci
dos y hasta la fecha, por razones obvias, la secuencia de los
eventos no ha podido ser estudiada en detalle en seres huma-

" nos. En términos generales, la mayoria de los conceptos actua
les sobre este padecimiento, se basan en observaciones aisla-
das de puntos estdticos de su progresidn en humanos. Es por
8sto que se ha planteado la necesidad de contar con un modelo
experimental de FPID, que permita el estudio dindmico de Jlos

. fenbmenos patogénicos.

Un buen modelo permitiria un mejor conocimiento de:las -
formas de presentacidn y de las relaciones estructura-funcién
pulmonar y facilitaria los esfuerzos para definir la secuen-
cia de su patog@nesis y la blsqueda de medidas terap@uticas -

raclionales.

- ALGUNAS CONSIDERACIONES SOBRE MODELOS EN GENERAL

" Y MODELOS DE FPID EN PARTICULAR

Los modelos son un ensayo de la realidad, una forma de
aproximacidn al universo con el gue se trata y se desea des-

cubrir, . ;
|
La premisa fundamental en el disefio de un modelo, es la

exencidn de partes reales pero insignificantes del problema
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en estudio, para concentrarse en las caracteristicas relevan
tes del universo modelado. De esta manera, un modelo es una
substraccifn conciente y a menudo radical que debe contener
solamente aguellos elementos de la realidad que son indispen
sables para la resolucidn del problenma.

Es por &sto qgue en ld construccién de un modelo es nece
sario enfrentarse al problema de determinar explicitamente
cuales atributos del fendmeno se desea investigar o que cons
tituyen la clave de éste y en consecuencia incorporar dichos
caracteres al modelo. Esto sin embargo, §uedeqser muy Qifi~--
cil ya que de un universo dado, pueden surgir varios arqueti

pos posibles.
: .
En términos generales, el disefo de un modelo_éresenta
dos problemas importantes. Uno de ellos, lo constiéuye para-
ddjicamente, lo que es una de sus principales virtudes, la -
reduccidn selectiva que le es inherente. Como ésto &mplica -
necesariamente una simplificaci&n, puede suceder gue se con-
funda la precisidén del modelo simplificado con la compleja -

realidad de la que ha sido extraido.

El otro problema se deriva de la exactitud de nuestro -
conacimiento de la realidad que se desea modelar. La realidad
suele ser compleja y nuestra percepcidn de ella es subjetiva,
Para conocer a la realidad hay gue captar el fenbmeno total

- de un problema determinado, lo que significa indagar y des-~
cribir cémo se manifiesta el problema en dicho fendmeno. De
esta manera, el &xito de un modelo radica finalmente en la
precisitén de nuestro conocimiento de la realidad del univer-
so modelado.

Modelos Animales.

Un modelo animal se puede definiyr como un organismo vi~
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viente con una enfermedad adquirida de manera natural o .indu- -

cida experimentalmente que semeja estrechamente al padecimien
to que ocurre en el humano.

Modelos Naturales de FPID.

Pirie y cols.(16), han descrito un modelo de FPID en bo
vinos que presenta rasgos clinicos.y morfoldygicos similares a
la enfermedad humana; sin embargo, este hallazgo no ha sido -
corroborado por otros autores.

Modelos Inducidos de FPID.

En 1968, Carrington {6} describidé lo gue a su juicio --
constituyen los criterios esencialés para un buen modelo de
FPID. No obstante, este enfogue es incompleto ya que sblo -
abarca alteraciones morfoldgicas y funcionales y no considera
aspectos clinicos y biloguimices. '

Con el objeto de desarrollar un modelo adecuado de este
padecimiento, hemos seleccionado los preceptos gue a la luz -
del conocimiento actual consideramos claves en la definicibn
de dicho modelo. '

4

Bstos son:

1) Que sea un padecimiento crénico, progresivo y potencial-
mente letal. i

2) ' Que produzca alteraciones morfoldgicas, difusas o multi-
focales, similares a las observadas en el humano. Esto
es, inflamacién intersticial e intraalveolar, prolifera-
¢idn epitelial, proliferacidn de fibroblastos y fibrosis.

3) Que exista un aumento en el contenido total de colégena.
pulmonar. ’
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4) Que los.animales presenten signos clinicos y funcionales

de insuficiencia respiratoria.

En general estos criterios son dificiles de cumplir y -
una extensa revisidn de la literatura que se anexa en la bi--
bliografia del primer articulo, sugiere que a pesar de los nu
merosos modelos intentados, la mayoria de éstos no cumplen: -
con estos requisitos. )

En nuestro laboratorio intentamos previamente reproducir
un modelo de FPID (17), utilizando varios de los agentes suge
ridos en la literatura, sin preocuparnos del problema del -
agente etioldgico dado que muchos casos humanos son idiopdti-
cos Y la enfermedad es muy similar independientemente de la -
causa que la provoca.

Los modelos experimentales fueron dos tipos genéricos:

a) Accién de un solo agente nocivo.

b) Efecto de diversas combinaciones de dos agentes nocivos.

Las substancias t&xicas que se exploraron fueron bleomi-
cina, ciclofosfamida, hidroxitolueno butilado, paraquat y oxi
geno. En el caso de la combinacién de dos agresores, uno de
ellos fue siempre el oxigeno a concentraciones superiores a
70%. Los animales utilizados fueron ratdn y rata y la substan
cia toxica se administrd por via sist@mica (intraperitoneal)
o local (intratragueal). Después de probar 30 modelos diferen
tes, comprobamos que la mayoria de ellos resultaron un fraca-

s0, en términos de reproducir los criterios sefialados.

No obstante, la combinacién de paragquat y oxigeno resul-
td en extenso dafio pulmonar .con elevada mortalidad durante la
primera semana. Los animales que sobrevivieron periodos més
prolongados mostraron alteraciones morfoldgicas y biogquimicas
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sugestivas de fibrosis incipiente y estos experimentos inicia
les fueron la base de los trabajos que se presentan a conti-
nuacién, ‘

-
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We have produced experimental diffuse interstitial pulmonary fibrosis in rats with a com-
bination of low and repeated doses of paragquat plus continuous exposure 10 normobaric
7458 O, in the breathing air for several weeks, Pulmonary fibrosis was evaluated histolog-
icully and biochemically, through the determination of total collagen content in the lung,
Qur procedure is chagacierized by low initial mortalily, the development of extensive dis-
tortion of the pulmonary architecture, and the presence of severe and diffuse interstitiat
fibrosis. The model was compared with bleomycinrinduced pulmonary fibrosis in the same
rat strain, in which the process is focul and leaves most of the fung unaffected. We conclude
that lung damage produccd by the combination of low dosts of paraquat plus normobaric
4% O, concentration in the breathing air is an adequate experimental model of diffuse
interstitial pulmonary fibrosis as it occurs in many of the human cases of this condi-
tion.  © 1985 Academic Press, Inc.

INTRODUCTION .

Inrecent years there has been renewed interest in diffuse interstitial pulmonary
fibrosis (DIPF). A number of studies have been published in man (Campbell ot
al., 1981; Crystal ef al., 1976, 1978; Dill e al., 1975; Fraire ¢f al., 1973; Fulmer
and Crystal, 1979; Fulmer ez al., 1979, 1980; Greenberg of al., 1974: Heard, 1976;
Hinson, 1970; Licbow, 1975; Scadding and Hinson, 1967; Turner-Warwick er al.,
1980) and several experimental models have been developed in various animal
specices, wsing agents such as oxygen (Adamson ef al., 1970b; Adamson and
Bowden, 1974a; Balentine, 19665 Hestergerg and Last, 1981; Last ef al., 1979,
1981), blecomycin (Adumson and Bowden, 1974b; Aso er al., 1976; Clurk er «l.,
1982; Collins ¢t «l., 1981; Fasske and Morgenroth, 1983; Giri ef al., 1980 Hes-
terberg ef al., 19815 Laurent ¢f al., 1981: McCullough et al., 1978; Phan ¢f «l,,
1980; Thrall er al., 1979; Tryka e al., 1983), paraquat (Butler. 1973; Greenberg
et al., 1978; Greenberg ¢f al.,, 1978b; Omaye and Reddy, 1980; Smith er «l.,
1974), butylated hydroxytoluene plus O, (Adamson er al., 1977; Haschek ef al.,
1981, 1982; Witschi ef af., 1980), radiation (Adamson er al., 1970a; Law et al.,
1976; Pickrell er al., 1978; Ward et «l., 1983), and several others (Haschiek er al.,
11980; Hurych et al., 1981; Kobrie et al., 1982; McCall ef al., 1983 Niewohener
and Hoidal, 1982; Saunier. 1982; Yamaguchi et al., 1975, 1981).

in both human and experimental studies of DIPF a varicty of morphologic and
biochemical techniques have been used by the pathogenctic mechanisms respon-
sible for the massive increase in interstitial connective tissue and the ultimate

" This work was supported by CONACYT Griant PCSABNA-001123
"To whom correspondence should be addressed. °
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distortion of the normal lung architecture remain unknown. To contribute to our
understanding of this complex problem we have developed o new experimental
model of IPF in the rat. In this paper we report details of the experimental
procedure and a comparison of the lesions produced with those obtained in blco-
mycin-induced pulmoniry fibrosis in the same animal steain,

MATERIALS AND METHODS

Animals. In all experiments male Wistar rats were used. weighing 170-230 g
(9—10 weeks old).

Experimental model. Various combinations of paraquat (1.1°-dimethyi-
4,4 'bipyridylium) and cxposure o normobarie O, at 74% concentrition were ex-
plored (Table 1). Paraqual was always given as a 0.059% solution in saline, freshly
prepared before cach administration.

I order to achieve and preserve an atmosphere enriched in O, airtight cham-
bers with a volume of 160 liters were built of sheets of transparent acrylic, Their
size allowed the animals sufficient space 10 move around, and 1o cat and drink
ad libitum, n experiments with continvous exposure to 0, the animals were only
removed from the chamber at the time of the ip injection of paraquat (2-3 min).
Air and O, were combined in an O, mixer with a flow of 8-9 liters/min and 74%
O, concentration; the gas mixture was humidified with a thermic nebulizer prior
to delivery into the chamber. The O, concentration was monitored periodically
with a gascous mixture analyzer.

Bleomycin-induced pulmonary fibrosis. Twenty six male rats werc treated ac-
cording 1o Thrall er al. (1979) with a single intratracheal administration of 3.5-
4.5 mg of bleomycin/rat, Eight of these animals received no further treatment,
Fwhile the remaining 18 rats were exposed to continuous normobaric 74% 0. in
the breathing air for period of 5 days (6 rats), 7 days (6 rats), and 4 weeks (6
rats).

Preparation of lungs. Many rats weye sacrificed when movibund and a few
others were autopsied immediately after being found dead. Resisting animals {(sece
Results) were sacrificed after completion of the S-weck period of exposire to O:
in onc experiment (T5) after completion of the S-wecek exposure 10 O, the animals
were placed for one more week in environmental air, and in another experiment
(T7). for one more month, before they were sacrificed. The lungs were perfused
intratracheally with buftered 109 formaldehyde, preserved in site for 10 min, aud
then removed en block with the heart and placed in the same formaldehyde
+ solution until further study. :

Histological studies. The pulmonary tissue blocks were embedded in paratlin,
cut at 4 pm, and stained with HE and the Verhoeff-Van Gieson stain for elastic
fibers; other sections were cut at 10 pm and stained with the Picrosirius Red
technique according to Junqueira e al. (1979). When the latter preparvations are
observed under polarized light they reveal a very complete picture of collagens
types 1 and 11 in pleura, vascular, and parenchymal arcas; in addition, collagen
type 1t in bronchial cartilage is also stained. Carc was taken to block the lung
tissuc as 1o include the maximal amount of surfuce in the sections, Thus, in
practically all histology slides examined a complete section of an cutire lung was
present, including pleurn, hilar structures, and all intervening pulwonary paren-
chyma. In those few instances in which the sampling was less than complete
multiple sections of the lung were examined.,

' i
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EXPERIMENTAL PULMONARY FIBROSIS

TABLE §
Variations in Dose and Schedule of Parugual Administration and in “Time of Exposure 1o
Normobaric 756 0,

Number of Dose of paraguat Number of  Interval between  Mavimum tinie of
animials.  (mgkg body wi) ip injections injections exposure 1o 75% O,

Acute '
experiment 12 50 . 5 48 br 2-9 days
Chronic
experiments
T 8 3.5 5 1 week 5 weeks
T, 8 4.0 H 1 week 2-5 weeks
Ty 7 4.5 5 1 week 5 weeky
Ty 13 4.5 1 —_ 2-5 weeks
Te, 9 4.0, 5,0, 6.0 3 1 week 3 weeks
Ty 9 4.0, 7.5, 1.5 3 | week 3 weeks
Ty 12 4.0 10 2 hr . 3weeks
T B 15 © 10 he 5 weeks
Ty 8 2.5 20 NPh 9-10 week

Collagen measurement. All the left lung and the remaining fragments of the
right Tung (after removal of a thin block for histologic study) were dried to con-
stant weight, ground, and 20- to 50-mg aliquots were hydrolyzed with 6 N HCl
for 20 bir st 105°C, filtered, dried, resuspended in distilled 11,0. and the hydroxy-
proline content was measured in triplicates by the technigue of Rojkind and Gon-
zidlez (1974).

RESULTS

Clinical observations. The entire group of rats subjected to the various com-
binations of paraquat = Q. (Table 1) was clearly separable into two subgroups
according to their general response (or absence of it) 1o treatment, regardicss of
the dose and/or frequency of administration of paraquat or Oa: the susceprible
animals showed, during the first 24 10 48 hr of treatment, various signs and
symptoms of severe and progressive respivatory insufficiency. such as bradypnea,
intercostal pull, nasal twitching, and cyanosis. Thesc rats uniformly lost weight
during the experiment (10305 of their initial body weight) and their mortality

" was 1009, usuatly carly within the first 10 days in the experiments with the higher

doses of paraquat (Table 11). Occasionally these animals showed imense psy-
chomotor depression or excitation with physical stimuli, both probably condi-
tioned by cerebual hypoxin. On the other hand, in some of the groups there were
some resistant rats which failed to show any one of the signs and symptoms
described above; they gained weight at the expected normal tte and appeared
quite normal at the time of sucrifice.

Animals treated with intratracheal bicomycin failed to reveal any clinical
changes. They increased in weight at the normal rate, there were no signs of
respiratory distress, and there was no mortality.

Histopathologic featwres, Susceptible animals in the various groups treated
with paraquat = O, revealed generalized and diffuse pulmonary lesions, equally
severe in subpleural, hilar, and intervening lung purenchyma, In the acute ex-
periments deaths vecurred after 3 and & days following the initintion of tremtments
these animals showed irregular but clearly noticeable dilatation of distal wir spaces
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TABLE N
Time of Survival and Lung Collagen Content of Animals Given Paraquat and Exposed (o
Noraiobaric 74% 0,

Time of Number of surviving Collagen content
survivai animals” (mp/lung)
Acute experiment 3 days . on2 JA5 > LS
8 days 2 8.0 = 0.9
Chronic experiments
T S weeks o 10,2 = 3.2
Ty § weeks AR 106 = 4.7
Ty 5 weeks Al 15.6 = 6.8
Ta 9-12 days n3 20.2 + 9.9
T 5 weeks 613 18.0°% 10.10
T 9-18 days sh9 8.1 = 22
Ty - 25days a0 16.0 = 4.2
Ty 9-21 days 112 7.8 = 29
Tra 1520 days 4R Y 6.9
T 30 days -+ 1 month 48 ‘28,6 = 7.4
Tea 3 weeks ki 132 = 1.8
The 9-10 weeks S8 MYAR-K
Normal animals — 20 S x26

* The difference from the normal is statistically significant at < 0.01.

with collapse of the intervening alveoli and profuse intralveolar hemorrhage. In
the chronic experiments deaths occurred as early as 9 days and as fute as 10
weeks after the initiation of treatment: indeed, in three groups (T4, T7, and T8)
it was possible to consider the animals as falling into two diftferent subgroups,
early and late, in relation to their swvival time. Because of the rather uniform
character of the histologic changes abserved, which scemed to depend move on
the time of survival than on the different doses and administration schedules of
paraquat, and in order to avoid repetitions, the microscopic lesions in the fungs
are briefly described in only two groups of animals: carly and late survivors.

Early suwvivors., The lungs appeared grossly irregular, with subpleural hemor-
rhages and focal arcas of increased consistency. Under the microscope there were
three major alterations: (a) pronounced, widespread. and irregular dilaation of
the distal air spaces, scen in many cases to be tined at one end by bronchial
epithelium; (b) collapse of the intervening atveoli, with edema and infiftration by
mononuclear cells, present both within the alveolar septa and in the alveolar
lumen; some animals revealed more intralveolar cellular sccumuiation than others
(Fig. 1); (¢} with the Picrosirius Red stain it was appreciated that the pulmenary
collagen network was distorted but did not appear increased.

In addition, two other features were prominent in the histological picture of
carly survivors: there was perivascular and peribronchial edemia, sometimes quite
pronounced, with few mononuciear cells infiltvating the surrounding foose con-
nective tissue, The Jarger inrapulmonary bronchi were not dilated but, on the
contrary, their normal aspect contrasted with the generalized dilatation of the
distal air spaces.

Late survivors, Pulmonary changes in animals surviving Jonger thun 3 weeks
iconsisted of the same irregular dilatation of the distal air spaces and collapse of
Ahe intervening alveoli deseribed in carly survivors, but in addition there was
further condensation of the collapsed parenchyma, increased interstitiad infiltra-
)
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tion of mononuclear ceils, presence of nuny elongated. spindie-shaped. fibro-
blast-like cells in both the lumen and thickened septa of coflapsed alvesli (Fig,
2), and the Picrosirius Red stain revealed « clear and definite increase in the
amount of interstitial collagen fibers (Fig. 3). In addition, Jarger pulmonary
bronchi also appeared dilated and there was peribronchial fibrosts,

Animads treated with bicomycin alone, or with bleomycin + 0., revealed smal
multifocal areas of perivascular, peribronchial, and subpleurad inflammation and
fibrosis. The univolved fung tissue, which occupicd most of the histologic sce-
tions, was completely normal (Fig, 4). The Picrosivius Red stain revealed in-
creased collagen fibers in the focal arcas of fibrosis.

Limg collagen content. Total lung collagen in 20 nocmal rats of the same age
and sex as those used for the experiments deseribed had an uverape content of
1.1 mg £ 2.6 mp/lung. ln.the acute experiments total fung collagen was not
increased afier 3 days but it appeared 1o be definitely higher than normal after 8
days: nevertheless, this fipure is based only on three animals anif shoald be
considered as preliminary (Table 3. 1n the more chronic experiments a trend
wits obscrved for late survivors to show significanmtly Digher {otal lung collagen
content than normal rats, although again the relatively small number of animals
in cach group and, in some instances, the large standurd deviations {found, prevent
any futher anatysis of the dati. .

In bleomycin-induced pulimonary fibrosis there was significant increase in 1013
collagen content in the lungs only after 13 weeks; in all the other animals the
differcnces with the noymal rats were not sigaificant (Table HI).

DISCUSSION i

An adequate cxperimental model of human DIPEF sheuld fulfilt the following
minimal requivements: (a) be « chronic, progressive, und potentially fethad dis-
case; (b} develop clinical, radiologic, and functional data of pulmonary insuffi-
ciency; () resemble the histologic and ultrastructural features of the human dis-
case, which at ditlerent times are deseribed as alveolar septal fibrosis. alveolar
“desquamation,” cuboidalization of ahveolar fining cells, interstitial inflamma-
tion, smooth muscle profiferation. niwrrowed (or normal. or diluted) airwivs, cte.
(Carrington, 1968: Cyystal ef af., 19765 Dill et al., 1975; Fraive et al., 1973: Green-
berg ef e, 1974; Heard, 1976; Scadiling and Hinson, 1967): these various patho-
logic changes may not all occur simultancousty in every human case of DS,
but those present i a given case should have at least a amitifocal, and preferably
a generabized or diffuse distribution throughout the pulmonary parenchymas (d)
reveal an absolute increase in the total amount of lung collagen,

I recent years several experimental models of human DIPEF have been re-
ported. They should be examined against the eriterin proposed sbove, in order
to establish their adequacy as models for the better understanding of the hunvin
diseise (Carrington, 1968), We believe that many of the recently propused ex-
perimental models of DIPE cither fuil to fulfifl the eriteria mentioned above or
are yet to be critically examined from that point of view. One of the major dift
ficultics is that human DIPF is far from being a neat, tght and clusely defined
cliicopathological entity (Lichow, 1975). On the other hind, although many of
the experimental models proposed may not be applicable to human DIPE, they
may still conwibuie vatuable insights into some of the mechanisms probably in-

volved in one or more aspects of the hunun discase,
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TABLE 11
Time of Survival and Lung Cotlagen Content of Animals Treated with Bleomycin and O,

Time of Number of Callugen content

survival surviving animals tmp/lung)
Bleomycin alone 7 weeks . M0 M4 = 160

13 weeks 60 - 262 = 100
Bleomycin 4 O, 5 days 246 18.0 = 5.8

7 days 206 Yy = 14

4 weeks A6 - 16.2 = 4.5

Of the various experimental models of DIPF mentioned in the literature only
one seems 10 approximate the histologic and biochemical features of the human
condition, namely the butylated hydroxytoluenc + 70% 0, model in BALB/c
mice of Haschek, Witschi ¢f al. (1981, 1982, 1983). These authors reasoned that

.the destruction of pneumocytes type 1 would expose the intevstitiul cells in the
“alveolar septa, which could then be experimentally stimulated to produce fibrous
tissue, They accomplished the first part of their scheme with the butylated hy-
droxytoluene, which has been described to be highly toxic for pncumocytes type
-1 (Adamson ¢t al., 1977), and the sccond past was brought about by exposure to
70% O,, although X radiation seems to work cqually welt (Haschek et al., 1980),
The mode} is probably species and strain specilic, because we have tried to
reproduce it both in CA mice and in Wistar rats without any success (Selman,
M., Montano, M., and Pércz-Tamayo, R., unpublishcd observations).

Preliminary experiments with the development of acute pulmonary lesions
using paraguat in Wistar rats led us to try the combination of different doses of
this toxic plus exposure 1o normobaric 74% O, in the breathing air for various
periods, following the idea of the double pulmonary injury of llaschek er al.

S (1981), as well as the repeated observation that O, enhances the pulmonary
damage produced by paraquat (Fisher er al., 1973, Keeling et ol., 1981). Our
results indicate that in Wistar strain rats velatively low doses of paraquat (2.5~

+ 3.5 mg/kg body wi) repeated every 72 i plus continuous exposure 1o normobaric

745 O, for 5 ta 10 weeks results in relatively low mortality during the carly part

of the experiment and in the development of widespread histologic pulmonary
lesions. These include considerable distortion of the normal lung architecture.

- interstitial mononuctear cell infiltration. alveolar collapse. and interstitiad fibrosis.

- Neither paraquat nor the contintous exposure 1o O, used in the sume experi-

i mental doses but inisolation, caused any pulmonary change. In other experiments

(Sclman ef al., 1985) we have demonstrated that the enhancing effect of O, on

the pulmonary damage produced by paraquat is relatively short lived, so that
multiple doses of paraquat should not be separated by more than 72 hr.

Intratracheal administration of bleomycin to male rats of the Wistar strain re-

sulied in the development of focal fibrosis, with most of the pulmonary paren-
chyma remaining unaffected. Although this peculiar resistance of Wistar rats to
bleomycin has been previously reported (Costa ef al., 1980) it remains unex-
plained. When Wistar vats are the only stiain available {as in our cuse), the
combination of low doses of paraguat and normobaric high O, concentrations in
the breathing air results in a better experimental model of human DIPEF than the
intratracheal administration of Meomyein. ’

The pulimonary lesions produced by the combination of paraquat 4- normabaric
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high O, concentration are diffuse and involve with equal severity the peribron.
chial, subpleural, and intervening lung parenchyma. The salient feature is the
difatation of the distal air spaces with collipse of the surrounding alveolis terminal
bronchioles are usually not dilated and may even appear partially collupsed. There
is considerable peribronchia and perivascular edema. Mononuclear cells infiftrate
“the foose connective tissue surrounding bmnchi and blood vessels, ns well as the
collapsed parenchyma. In animals surviving 5 weeks or more, there is prolifera-
tion of spindic cells and deposit of 4 fine web of neoformed cotlagen fibers. The
destruction of usefi! exchange surfuce in the lung is so extensive that many of
the rats appeared 1o survive only because of the increased O, concentration they
pweve breathing within the plastic chamber. It was not unusual for animals that
i fater were shown to have advanced pulmonary lesions, to develop clinically ob-
vious yespivatory insufficiency when they were finally vemoved tfrom the plastic
chamber, al the end of the period of exposure.

The simitarity of experimental DIPF produced in the ra( by our combined
procedure with the lesions described by Chuvg er af. {1983 in patients dyving after
developing acute yespiratory distress and treatment for'profonged periods on me-
chanical ventilation with high positive end-expiratory pressure and O, concentra-
tion iy striking. These authors suggest that the process is similar to bronchopul-
monary dysplasia as seen in the newborn and propose that it is caused by the
combination of high respiratory pressure and high oxygen concentration in the
inspired air. i

Regardiess of the dose of paraquat and the Iengih of exposure 10 O, in every
experimental variation of our model of human DIPF there were always some
animals that failed 2o develop clinical signs or symptoms of paraguat intosication
or of respiratory insufficiency; the tungs of those animals were histologicully und
biochemicatly normal. Although we have no explanation {or this phenomenon,
“we believe that such “‘resistance™ fo paragquat + O, is not a permanent feature
of those animals, since upon repeat of the same, oreven less aggressive schedules
of pulmonary damage, many of them succumbed with lesions identical to those
present in the initially “susceptible™ group (Selman, M. Montino, M., and
Pérez-Tamayo, R,, unpublished observitions),

According to Keeling er af. (198D, and Smith er of. (1974) the primary target
of paraquat is the alveolar epithelium. which is rapidly destroyed. fioth pocu-
mocytes types Tand 11 reveal severe degenerative changes as carly as 4 hr afler
the administration of paraguat, and 2 or 3°days Jater they appear desguamated in
the alveolar lumen, which also shows edema. The alveokir walls reveal congestion
rand mild acute inflammatory veaction: cosinophilic hyaline members are common,
i These changes occur after the administration of paraquat doses 4 to 20 times
“higher than the ones used in owr study: with the lower doses of paraguit no
changes arce visible in the lung under the light microscope (Smith et ali, 1974,
P Yet, we belicve that the alveolar epitheliumis damaged and thal as 4 consequence
1Hw1nmcm¢d0.cmanumumthu(humumahsbnnmnmlnnulmoddolhumm
IDIPE can cause further haymfil disturbances which affect the stabifity of the
distal air spaces and bring about the dilatation of the respiratory ducts and the
collapse of the survounding alveoli.
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The duration of the pulmonary paraguat toxicity-enfiancement effect of 3, has been
examined in Wistar rits, In one eaperiment, variots groups of normad animids were given
a single dose (5 mpthg body wiy of puraquat and alier differemt periads were expased 1o
contintaus breathing of normebaric 747 0, in airtight chambers antil dead or up 1o 10
days. In aoyeverse experiment, o large numiber of rats swere first exposed for 6 diys tao
contintous breathipg of rormobaric 74 O, and were then separated inlo varions groups
which received a single dose of paracun (3 meeke body wiyalier vurions periods of breathing
normal air. ranging from 0 1o 96 bir. The extent of pulmaomny damage in both experiments
wits evafuated by histolog.e examimtion and by biochensical detevmination of totad collugen
content of the fungs. Bt was found that the duration of the pultmonary dumage induced by
patigunt that is enbanced by continsous breathing of high O, coneentration fasts 2410 48
H b 1 was abso observed that 12 10 24 br after paraquat administrtion anmd continuons
i breathing of high O, concentration pulmopary lesions e severe amd extensive, and in
animals surviving 6 or more days there was also incipient interstitial fibrosis. The reverse
sequence of freatinent (O, + paraguat) yesulted in oo mortality and oo pulmogary fesions,
Additional contrals treated with each of the pulmonary toains alotie also yevealed wo lung
chinges. 1 9983 Acdesntic Press, tnr,

INTRODUCTION

Several authors have noted (Fisher er al., 1973; Smith and Heath, 1975 Douze
and vitn Heijst, 1977: Heath and Smith, 1977; Kehver et al,, 1979 Keeding o1 af.,
1981} that the toxic effect of paraquat (1,1 -dimethyl-4 4" bipividvlisem) on the rat
lung (Clark ¢ af., 1966: Smith and Heath, 1967; Vijeyaratnam and Corrin, 197);
Smith er al., 19M: Smith and Heath, 1974: Kimbrough, 1974 Smith and Hewh,
1976) is markedly enhanced by exposure to high O, concentration in the breathing
air, Since paraquit has been shown o damage preferentislly pneumocytes type
Fand H (Heath and Smith, 1977; Keeling er al., 1984; Clark ¢r «l., 1966: Heath
andd Smith, 1967; Vijevaratnam and Corrin, 1971 Smith ¢f al., 1974; Smith and
Heath, 1974; Kimbrough, 1974; Smith und Heath. 1976 Sykes of al., 19772 Green-
berg et al., 1978) und oxygen poisoning results primurily in capillary endotheliad
cell lesions (Schuffner et al,, 1967: Kistler er al., 1967; Weibel 1971 Gould of af.,
19725 Sevitt, 1974; Chvapil and Peng, 1975), it would seem fopicat that the com-
bination of both agents would result in the addition of their sespective effeets,
This, however, does not seem 1o be the actual experimental result, since Keceling
ot al. (1981) have found that both paraquat snd 85% O, predominumly damige

t pneumocyies type 1.
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During the development of an experimental model of human diffuse interstitial
pulmanury fibrosis in the rat, various combimutions ol paraguat plus exposure to
normobaric 74% O, concentration in the breathing air were tested in our kibo-
ratory (Sclman ef af., 1984). Low but repeated doses of paraquat given simuolti-
neously with contintous brewthing of high O, concentration for periods of § weeks
ar longer yielded many snimals with severe distortion of the ptlmonary architee-
ture and interstitial fbrosis. Other groups of vats treated with the same doses of
paragquat but exposed only to atmospheric air, or given no paragitat and exposed
to the same high O, concentrntion far equal periods, revealed no pulmonary
. lesions. Finally, when the sume low doses of paraguat were given and the ex-
posure to high O, concentration was defayed for 1 week after the last paraquit
injection, again no pulmonary lestons developed. It was then considered of in-
terest to systematically examine the duraton of the paraquit offect that is en-
hanced by breathing high O, concentrations. in order to further characterize its
nature. In this paper we report the resufts of such study. which show that the
paraquat lung damage enhanced by breathing high O, concentration lasts 24 to
48 hours, In addition, we also shaw that the reverse combination, namely pro-
longed continuous cxposure to high O, concemtration in the breathing uir, followed
after various periods by administration of the same low doses of puraquat, results
in no pulmonary damage at all,

METHODS

Animals. Male rats of Wistar steain, weighing 170-230 g (9-10 weeks old) were
used in all the experiments, :

Paragueat adminisirarion. Paraquat dichloride way dissolved jn saline at 0.05¢¢
concentration freshly before each injection, and given intraperitoneally once af
the dose of § mg/kg of body wi.

1Exposire (o 0y, Continuous' exposure of animals to normobaric 745 O, con-
centrations jn the breathing air was cuieried out in aivtipght chambers constructed
with transparent sheets of acrylic, with a capacity of 160 liters, The chambers
are quite spatious and the animals can freely move around and feed ad libinnm.
Air and O, were combined in an O, mixer with a flow of 8~Y liters/min and &
749 O, concentration. The gas mixture was humidified with & thermic nebulizer
prior to defivery imo the chamber, The O, concentration was monitored period-
ically with a gascous mixture malyzer, -

Lxperimental design, Two major experiments were performed:

(1) Five groups of 6 to 23 animals cach were given a single intruperitoneal
injection of paraquat {the dose wars mentioned above) and were tien phsced in
the airtight chamber sfter 0, 6. 12, 24, and 48 hr of breathing atmosphierie air.
vespectively, Two other groups of 6 animals each were treated respectively with
only onc of the pulmonary toxic agents, numely paraguat or high Oy coneentra-
tion. All animals exposed to high O, concentration were hept in the aistight
chamber until dead or for 10 days,

- (2) Twenty five animals were first exposed to continuous breathing of 402 O,
concentration for 6 days, and after that they were separated into § proups of §
animals, each one receiving a single dose of pasaqguat (5 mp/kg of body wi 0, 24,
48, 72, and Y6 hr alter breathing again nosrmal air, They were all sucriticed 10
days after release from the airtight chamber, .

Prepacation of hings. Animals were sacrificed whes moribund or st the cud of
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10 days. Autopsies were performed on ull dead animals. including those found
dead in the morning. Unfortupately, because of poor preservation, it was not
possible 1o prepare histologic sections und to perform biochemical studies on the
lungs of all animals found dead. The fungs of alt sacrificed amd avtopsicd rns
were perfusedd intratracheally with bullered 30%7¢ formaldehyde, praserved in sita
for 10 min, and then remaved op block with the heart and placed in the same
formaldchyde solution until further study.

Histological studies. Blocks of ung tissne were. embedded in paraffin, cut af 4
pm, and stiined with HE and the Verhoefl-- Van Gieson stain for elustic fibers;
other sections were cut at 10 um and stained with the Picrosinius Red technigue
according to Junqueira e ol (1979), When the fatter preparations are observed
under polurized light they reveal a very comiplete picture of collugens tvpe § and
HI in plenra, vascular and purenchymal areas: in addition, collagen type 1 in
bronchial cartiloge is also stained. Cire was taken to black the lung tissue as to
include the maximal amount of swrface in the section., Thus. in practicilly wll
histology sfides examined a section of an entire lung was present. inchuding
pleura, hilar structures, and intervening pulmonary. parenchyma. In those few
instauces in which the sampling was less than complete multiple scctions were
exiunined. :

Collagen measwrement, Al the left lung angd the remaining fragments of the
right luag Gifter removil of o thin block tor histologic” study) were dried (o con-
stant weight, ground, and 20 1o 50-mg aliquots were hydrolyzed with 6 N HCI
! for 20 hr at 105°C, filtered. dried. resuspended in distilied Ha0. and the hvdroxy-
proline content was measured in triplicates by the technique of Rojkind and Gon-
zidlez (1974). ;

RESULTS

Mortality. Mortality of the animals tncluded in the 7 groups of the first exper-
iment appears in Table 1. 1t should be neted that in group 113 animals died within
the first 36 hr and onty 7 swrvived for 7 10 10 days, whereits in groups 3. 6, and
7 there was no mortality, Groups 2, 3, and 4 displayed intermediate mortality

rafes.

TABLE Y . .
b Monality of the Various Groups of Rats Exposed Firse to Paraguat and after Vanous Periods o
: Continuons Breathing of High O, Concentration for 10 Dass

Hours after Time of Mortality
Group No. paraquint survival tdeid 10040 exposed)
] [ 36 hr [RIY
710 days 10
2 6 23 days 6 20
HE dhays UM
| 3 17 26 days 423
i 10 days 92
| 4 24 3-Sdays 1020
10 days 1020
l 5 . 48 T chays 06
: 6 Paraguat 10 days 06
} afone
7 High O, 10 days . 06
alone
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None of the animals included in the five different groups of the sceond exper-
iment dicd during the 10 days of observation after releise from the airtight
chamber, so they were all sacrificed at the end of that period.

Histeological changes in the ings. Histologic changes in the lungs of the ani-
mals in the first experiment were quite varirble and ranged from minimid conges-
tion to diffuse and dramatic distortion of the architecture of the respirstory pa-
renchyma, massive hemorrhage, alveolur cell desquapiation, inflamatory infiltra-
tion, and some degree of interstitial fibrosis, Congestion, edema, and hemorrhage
were more frequent and severe in the animals of group 1, which hud the shortest
average survival, and were minimal or absent in groups 3, 6. and 7. In addition
to the changes mentioned, interstitial inflammation was also present in both
groups §and 2, but it was focal and primarily peribronchiad and perivascuolar (Fig.
1. The infiktsating cells were predominantly mononuctear Gymphocyvies. plisma
celts, and macrophagesy with few or no polymorphonuctear feukocyvies present.
In groups 2 and 3, to the changes described an extensive revision of the normat
structure of the lung was ndded, charncterized by wide difatution of the respira-
tory bronchioles (both air ducts and atria) with collapse of the intervening alveoli
(Fig. 2), desquamation of alveolar cells, extension of the perivascular and per-
iobronchial inflammatory infilirate (o the alveolar walls and cven incipient inter-
stitinl fibrosis, as evidenced by the presence of spindic fibroblust-like cells and
apparent cotlagen incrense in many fiekls of collupsé alveoli (Fig, 3).

Wt
-
A

-
116, B Perivascutar smd interstitind edema and infiltration by mononuclear cells, seeqin both growps
Eand 2, ay described in the feat. .
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I e 2, Low- -power phnmmmnfl,!ph ol the Jung of an wnimat ul gnup 3 \h.,l survived 6 dns ufu.r
" paraguat administeation and continuous exposure ta bigh Oy concentration. The widespread dilitation
| of bronchioles and air ducts with collupse of the intervening afveoli are apparent.

In proups 6 and 7, which were controls treated with cach pulmonary aggressos
alane. the lungs were completely normal. The same thing eccurred with the fungs
of all the animads included in the second experiment, in which expasure 1o high
O, concentration in the breathing air was followed at different periods by a single
dose of paraquat.

Toral heng collagen, Table 11 gives the time of survival and average ot lung
collagen (mg of cotlagenfung) for cach group of auimals in the first experiment,
No statistically significant differences were apparent al a P level befow 0.025,
and that only in the animals surviving for 10 days in groups 2 and 4. Similar
resufts were obtained in all the animals included in the second experiment,

DISCUSSION

Our resulis indicate that the duration of the pulmonary puraguat toxicity-en-
hancement effect of O, in Wistar rofs lasts approximately 24 1o 48 hr, During this
period. exposuie 10 normebaric 7456 0, concentration results in early death and
thie development of severe pulmonary h_.smns, consisting of intcnse congestion,
massive hemorrhage, perivasenlar and peribronchind or generalized edema, and
mold inflammatory infiltrate with monoenuclear cells. When the apinuds survive
a few more days, in addition there is dramatic difatation of the air ducts with
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Fi. 3, Incipient interstitial pulnionary fibrosis in vne vat of group 4w hich survived 10 dass. There
is irvegular thickening of alveolr septa with infiliration by round and spindle cells, desquamistion of
alveolar cells, und fine (ibrillary material.

collapse of the intervening afveolin and incipient fibrosis, which is suggested both
morphologically and biochemically. Two days after paraquat admintstration con-
tinuous exposure to the same high O, concentration in the breathing aiv for 10
days has no effect at all on the survival and on the normal histology and collagen
content of the lungs. On the other hand, the reverse experiment. namely lirst
continuous exposure of animals 1o high O3 concentration for a profonged period
and then administration of a single dose of paraquat, after different periods of
breathing normal air, produced no mortality and no pulmonary histologic or bio-
chemical changes in the following 10 days.

The absence of enhancement of the pulmonary O, toxicity by paraquat contra-
dicts the opinion of Fisher e al. (1973), while the opposite observition, namely
that it is the paraquat lesion that is enhanced by high O, in the breathing air,
supports the conclusion of Keeling e al. (1981). These authors based their sug-
gestion on the ultristruetural finding of damaged adveolar epithelium type 1 and
intact capillary endothelial cells, Nevertheless, their animals did not suivive 24
he and their final decision was made on a semiquantitive appraisat of degree of
cell damage, comparing type I pneumocytes with capillary endothelind cells. With
adifferent experimentid set up, such as the one deseribed in this paper, the resuls
could be at variance with those described,

The microscopic study of the pulmonary parenchyma damaged by the combi-
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TABLE 1t
Average Total Lung Collugen in Rals Exposed First to Pagequa and after Various Periods to
Continuous Breathing of High Oy Concentration for 10 Days

Number of Average ot
Hours afier Time of snintds tung colligen
Group No, parisguat spevival studied Img/tung)
1 Y 36 he . "6 130 = 1l
T~ 10 duys 7 Y =66
2- 6 2-.3 days 6 132 =24
10 days 6 16,5 % 4.3
3 i2 2-6 ditys 9 W7 =37
10 days 6 M8, 2582
4 24 35 days 4] 13.4 = {8
. 10 daiys 0 16.2 + 2.9
s 48 10 days 6 144 3.4
[ Puraquat 10 days 6 11.9 = .0
alone
7 High O, 10 days 6 1.7 = 1}
wlone
Controls — — 10 10.9= 22

nation of paraguat + Q. gives no clie as to the nature of the lesions induced by
paraguat, With higher doses €4 10 20 times highes) paraquat is toxic for the alveotar
epithelium (Keching et «of., 19815 Clark of al., 1966; Smith and Heath, 1967, Vi-
Jeyaratnam and Corrin, 19711 Smith o1 al,, 1974; Kimbrough, 1974 Smith and
Heath, 1976: Sykes ¢f al., 1977: Greenberg of al., 1978) which shows detectable
tesions as early as 4 hy aller paraquat injection, and hecomes stouahed and des-
quamated in 48 to 72 hie (Smith and Heath, 1975, 1976). With the sime high doses
of pariquat, a few days later an intralveolur fibrosis develops which cventually
produces pulmonary insufficiency and kills the experimental animal (Lcath and
Smith, 1977; Keeling e1 al,, 1981 Greenberg ef af., 1978). Similar fesions hive
been described in human cases of intoxication with paraguat (Nathew er al.,
1968: ‘Toner er al., 1970; Editorianl, 1971 Mulone e @l., 1971 Copland et ol
Thurlbeck und Thurlbeck, 1976), The uitrastructural study of the jungs of the
animuals used in our first experiment. which is convently underway. shoubd perbups
reveal the damage produced by low doscs of paraguat.

Regardless of what is eventually found at the ulirastrocturad level, it is very
interesting that the sum of a single tow dose of paraquat plus continuons exposure
10 high O, concentration in the breathing air, which by themselves praduce no
puimonary lesions visible with the light microscope, should result in such high
mortality and such dramutic distortion of the noynial architecture of the lung, 1t
is well established that Oy is toxic {or the alveolar cells of human and animal
tungs (Schaltuer ef al., 1967 Kistler et al., 1967; Weibel, 1978 Gould eral., 1972
Sevitt, 19745 Chvapil and Peng, 1975; Dencke und Fanburg. 1980, but very high
O, concentrations and prolonged exposures are needed before pulmonary changes
become apparent, and then they are of a dilferent type than those deseribed in
this paper and clsewhere (Salman ef «ls, 1985),

The fictors contributing to the structural siability of the distal respirtory units
include the presence of adequate amounts of surfactant, healthy alveoln cells
(pneumocytes types T and 1), normal capillary perfusion, and an adequate mix-

| 7
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ture of gascs in the breathing air. By altering one or more of these factors, and
perhaps by interlering with some other as yet unknown clement(s) necessary to
preserve the normal reciprocal relations of the varions compartments of the distal
air spaces in the normal lung, the changes herein desceribed are produced.
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Conclusiones y Perspectivas

La FPID se-caracteriza por la acumulacidn excesiva de co
lagena en la matriz extracelular, con la consecuente destruc-
cién de la arquitectura, tisular.

Como la mayoria de los estudios que se realizan en huma
mos sblo abarcan momentos puntuales y estfticos de la enferme
dad, existe la necesidad de contar con un modelo experimental
que semeje estrechamente al padecimiento y que permita anali-
zar dinfmicamente los fendmenos que ocurren en el pulmdn.

T

Nuestros estudios demuestran que la administracién pro-
longada de paraquat a dosis bajas, sumada a la exposicién a

concentraciones elevadas de O ya séa simultdneamente a la

2'
inyeccidn del herbicida, o diferida algunas horas, ‘induce en
ratas una enfermedad pulmonar muy semejante a la observada en
la FPID humana; las lesiones son difusas y comprometen desde
el vértice hasta la hase y del hilio a la pleura, provocando
en los animales grave insuficiencia respiratoria. Después de
algunas semanas, se observa proliferacidén de fibroblastos, -
con aumento de coldgena gue se puedc detectar morfolégica vy
bioguimicamente. El modelo ha demostrado ser reproducible,
afin cuando su eficiencia podria ser optimizada, dado que inde.
pendientemente -de las dosis utilizadas, alrededor del 50% de

los animales fallecen en los primeros 10 dias.

Como sc¢ ha mencionado previamente, este modelo serd uti
lizado para estudiar de manera secuencial los eventos celula-
res y las altcraciones de la matriz intersticial que ocurren
durante el desarrollo de la FPID.

En estce contexto, y como un acercamiento preliminar, he
mos examinado recientemente los cambios ultraestructurales -

pulmonares que ocurren en el modele agudo. En este experimen



to, los animales se distribuyeron en tres grupos: El grupo
problema recibid una dosis finica de 5 mg/kg de paraguat y 12
horas después se colocd en la cémara de 02 a una concentra--
cidén constante de 75% y se fueron sacrificando a las 12, 24,
72 horas, asi como 7 dias después. Un grupo control recibid
solamente 02 poxr 7 dias, al cabo de los cuales se sacrificd.
El otro grupo recibid solamente paraquat, a la dosis mencio-
nada y lbs animales se sacrificaron a las 4 y 12 horas y a
los 7 dias. Los pulmones se fijaron in situ por via intra--
traqueal y por perfusién circulatoria con glutaraldehidc al
2.5% en buffer de cacodilatos y se obtuvieron miltiples blo-
ques de cada uno, los gque se incluyeron por las técnicas ha-
bituales. Los cortes se examinaron en un microscopio Hitachi
Hu-IIA.

' Tanto ¢l pavaquat como el oxfigeno solos, produjeron una
lesidn moderada en las células endoteliales de los capilares
pulmonares, caracterizada por la separacidn de la wmembrana -
basal y la presencia de areas focales de tumefaccidn (Fig.1l}.
La combinaci6n de los dos agresores produjo lesiones endote-
liales mds intensas, con microtrombos y edema intersticial -
(Fig. 2). Posteriormente aumentan el niimero de fibroblastos
y de cé&lulas inflamatorias en el espesor de los tabiques.al—
veolares (Fig. 3). A los 7 dias, se aprecid un aumento aparen

te de la coldgena intersticial (Fig. 4).

Este mismo estudio se realizard en el modelo crénico, -
intentando identificar y separar en el tiempo, si es posible,
las etapas de lesidn inicial, inflamacibn intersticial, proli
feracidén de fibroblastos y fibrosis.

Por otro lado, estamos muy interesados en analizar los
cambios en el metabolismo de la coldgena que llevan finalmen-
te al desarrollo de la fibrosis; €ésto es, alteraciones en la

bliosintesis y/o degradacifn de esta proteina.



En nuestro laboratorio, hemos analizado recientemente es
te problema en un grupo de pacientes y a continuacifn se expo
ne la metodologia y los resultados.

Se estudiaron 11 pacientes con fibrosis pulmonar idiopé-
tica (FPI). En el momento de la biopsia, el tiempo promedio -
de evolucibén del padecimiento era de 12.4 + 3.1 meses. Todos
los pacientes llenaron los criterios clinicos y de laborato--
rio aceptados para hacer el diagnbstico de FPI (1,2) y en el
estudio morfoldgico del tejido pulmonar se encontrd evidencia
de fibrosis intersticial difusa e inflamacidn septal e\intra~
alveolar. En todos los casog predominaron las lesiones fibro-

-ticas sobre las inflamatorias. En ninguna de’ las muestras exa
minadas hubo vasculitis, granulomas ni presencia de material
inorgdnico a la luz polarizada. En el estudio bacteriolégico

no se cultivaron bacterias, mycobacterias ni hongos.

El. grupo contrel, estuve constituido por 6 pacientes a
los que se les practicd reseccidn de tejido pulmonax para ex-
tirpar algtn tipo de tumoracidn, pero que no presentaban da-
tos clinicos, radioldgicos o fisioldgicos de enfermedad in--
tersticial fibrosante del pulmén. En ninguna de las muestras
seleccionadas para el estudio bioguimico se encontraron alte-

raciones en microscopia de luz.

Metabolismo de la coldgena,

Todos los andlisis bioguimicos se realizaron en alicuo-=-
tas del mismo teiido pulmonar utilizado para el estudio morfo
l6gico. -

a) Cuantificacidn de la coldgena.

Fragmentos de tejido pulmonar de 100-150 mgs de peso



- i
o l

h@medo fueron secados a peso constante e hidrolizados con HCl
_ 6N por 24 horas a 100°C. Posteriormente, fueron filtrados, sg
cados, resuspendidos en agua bidestilada y se midid el conte-
nido de hidroxiprolina a través de un método colorimétrico -
(3). La concentracitn de coligena en las alicuotas se calculd
multiplicando la cantidad de hidroxiprolina por 7,41, susonien
do 'que este residuo cbnstituye alrededor del 13% del total de
aminodcidos de la cadena alfa (4).

a) Sintesis de la colégena,

Las muestras pulmonares fueron leldldas en porciones
que povaban entxre 100-200 mgs de peso humedo Estas alicuotas
se incubaron en 3 ml de medio de cultivo Dulbecco modificado
por Eagle que contenia 10% de suero fetal de ternera, 50ug/ml
de &cido ascérbico, 70 ug/ml de sulfato ferroso, 200 U/ml de
penicilina y 200 ug/ml de estreptomicina. Los cultivos se -
equilibraron con una.mezcla gaseosa de Y5% de O2 y 5% de CO2
y se incubaron a 37°C en un baho metabdlico de agitacidn cons
tante. Después de 1 hora, el medic fue reemplazado con 3 ml -
de medio fresco al que se agregd 30 #Ci de prolina tritiada,
manteniéndose el explante tisular en cultivo durante 4 horas.
Al términce del periodo de incubacidén, las muestras ds tejido
se homogenizaron y las protelnas marcadas se precipitaron con.
dcido tricloro 'acético (TCA) al 10% y 3 lavados sucesivos con
TCA al 5%. Para medir la sintesis de coladgena (hidroxiprolina
[H3]) y la sintesis de proteinas totales (incorporacién de -
prolina [H3], el material precipitado con TCA se hidrolizdé -
por 24 horas en HCl 6N a 100°C, se filtrd, evapord y resuspen
did en 2 ml de agua bidestilada. Ambos residuos fueron separa
dos por el método de Rojkind y cols. (3). Los resultados se
ekpresaron como porcentaje de sintesis después de corregirlos
por el bajo contenido de prolina en proteinas no colagénicas

(5).



c) Actividad colagenolitica,

Para este anflisis, 'se utiliz6 el m&todo de Ryan y
Woessner modificado (6). Muestras de tejido de 450-500 mg
(peso htimedo) fueron homogeneizadas y divididas en 6 alicuo-
tas. Tres de ellas se incubaron en un bafio metabdlico por
24 horas a 33°C en presencia de cl,Ca 0.005M, NaCl 0.15M y
Tris buffer 0.04M, pH 7.4; las 3 restantes se incubaron en
idénticas condicioncs pero con EDTA (inhibidor de colagenasa).
Con el objeto de que los fragmentos obtenidos fueran mis pe-
quefios gque una cadena alfa de la proteina, lds homogeneizados
se centrifugaron a 4°C y el sobrenadunte se f£iltrd a traveés
de una membrana con limite de exclusibn de 100,000 daltones.
La digestidn enzimftica se detect®d por la liberacibn de poli-

‘péptidns que contenfian hidroxiprolina soluble, la cual se mi-
dib por el método de Tojkind y Gonzdlez (3). La actividad co-~
laéenolitica se expresb en Mg de coligena degradada por mg de

colégena incubada en 24 horas,

‘RESULTADCS .

Concentracibri de'la'cdlﬁqena

La med3016n de hidroxiprolina es el mCtodo mis acopta—
‘do para conocer la cantidad de colagona de un tejido, ya gue
este iminodcido es casi cxcluslvo de la coldgena y constituye
alrededor ael 13% de los residuos de esta protefna, micntras
que se cncuentra en porcentajes insignificantes en unas pocas
proteinas no colagénicas (7).

En las tablas 1 y 2 se muestran los resultados obteni-
dos sobre la concentracibn de la coligena, Como habiamos de-
mostrado plevlamente (8), hubo un aumento SlgnlflcaLlVO de la
cantidad de esta proteina en el tejido pulmonar de los pacicntes
con FPI en relacibn a los controles, con una media de 327% 76 vs.
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185+ pg/mg de tejido seco ( p< 0.001 ).

Sfntesis de coldgena en los cultivos de explante pulmo-

nar.

Los tejidos pulmonares de ambos grupos, incorporaron ac
tivamente prolina [H3] a coldgena recién sintetizada. Los re
sultados obtenidos se muestran en las tablas 1 y 2. Como pue
de observarse la coldgena representd del 1.2 al 3.45% de to
‘das las proteinas sintetizadas por las muestras de biopsia -
de los pacientes con TPI y del 1.45 al 2.75% en los contro--
les. En el anflisis egstadistico no hubo diferencias signifi
‘cativas enlre ambos grupes ( 2.2i0.8% vs., 2,08+0,5% ).

'

Actividad colagenolitica.

La degradacifn c¢ndbgena de colfgena, medida a través de
la solubilizacibn de fragmentos polipeptidicos mis pequehos
que una cadena alfa, estuvo notablemente disminuida en 105}@
mogeneizados de pulmbn de los pacientes con FPI. Los valores
mostrarcn una media de 1.719i1.03 vs. 5.41640.925 ng de cold
~gena degradada/mg de coldgena incubada/24 horas (p< 0.001) -
{tablas 1 y 2).. Aunque en todos los pacientes se observd un
incremento en la concentracifn de coldgena y disminucidn de
la actividad colagenolitica, no hubo ielacién aparente entre

estos dos parémetros,



Como puede observarse, el hallazgo mis importante en es
te trabajo, fue la disminucibn de la degradacibn enzimitica
“de esta proteina, lo que no habia sido descrito previamente
en FPID, aunque estudios realizados en higados cirrfticos de
humano y animales experiméntales han demostrado una situa---
cibn similar (9,10).

Sin embargo, llamb la atencidén el gue no existiera un -
aumento en la biosintesis en los pulmones fibréticos, lo que

podria deberse al avanzado estadio de-la enfermedad.

Nuestra impresidn en este sentidp, es que en el depbsi
to anormal de coldgena cen los pulmones con FPID, participan
modificaciones en la biosintesis y degradacidn de esta pro=—-
teina, que probablemente ocurren en diferentes fases de la -
progresitn de la enfermedad. Este serd otro de los estudios
para los que se utilizard nuestro modelo, ya que la identifi
cacidn de esta posible secuencia permitird entender mejor la
dindmica del anabolismo y catabolismo-de la coldgena en el -
curso del proceso fibrosante y eventualmente intentar su nor
malizacibn con diferentes recursos terap8uticos. -



TABLA 1

CONCENTRACION, BIOSINTESIS Y DEGRADACION DE COLAGENA EN
FIBROSIS PULMONAR IDIOPATICA

PACIENTE CONCENTRACION DE  SINTESIS DE DEGRADACION DE -
COLAGENA COLAGENA™®  COLAGENA®™¥

1 334 3,286 0.24
2 255 3,105 1,776

3 293 2,55 1,334
I 504 1,76 1,536
5 358 1.5 2,736

6 107 1.5 3.24

7 329 2.10 1.9y

8 252 1.5 0,8
9 2143 1,20 3,336
10 317 3,10 1,128
11 305 2,55 1,152

MEp1A+DS 327+ 764 2.2140.8  1.719+1,03

* 4G DE COLAGENA/MG PESO SECO

L3

% CORREGIDO (VEASE MATERIAL Y METODO)
*#% 4G DE COLAGENA DEGRADADA/MG DE COLAGENA INCUBADA/2Y
HORAS . '

# P<0,001 (COMPARADO CON LOS CONTROLES, VEASE TABLA 2).

LoS RESULTADOS INDIVIDUALES CORRESPONDEN AL PROMEDIO DE
3 A 6 ENSAYOS POR MUESTRA,



TABLA 2

CONCENTRACION, -BIOSINTESIS Y DEGRADACION DE COLAGENA EN
SUJETOS CONTROL

CONTROL.  CONCENTRACION DE  SINTESIS DE  DEGRADACION DE

COLAGENA* COLAGENAT™® COLAGENA®*™

1 178 2,75 4,512

2 167 1.70 5,184

3 202 1,45 7.176

i 180 2,30 5,304

5 212 1.80 5.616

6 171 2,50 4,704
MEDIA+DS 185+18 2,0840,5 5., 416+0,952

* uG DE COLAGENA/MG PESO SECO.
¥ % CORREGIDO {(VEASE MATERIAL Y METODO).
#*% 6 DE COLAGENA DEGRADADA/MG DE COLAGENA INCUBADA/24H HORAS,

LoS RESULTADOS. INDIVIDUALES CORRESPONDEN AL PROMEDIO DE
3 A 6 SENSAYOS POR MUESTRA,
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FIGURA 1 TRASTORNOS CITOLOGICOS INCIPIENTES

( VER TEXTO )



FIGURA 2 FORMACION DE TROMBOS EN LA MICROCIRCULACION

( VER TEXTO )
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FIGURA 3 INFILTRACION INFLAMATORIA INTERSTICIAL
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FIGURA 4 AUMENTO DE LA COLAGENA INTERSTICIAL
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