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Acute Immunologic Pulmonary Alveolitis

KENTJ. JOHNSONand PETERA. \VARD

From the Department of Pathology, University of Connecticut Health Center,
Farmington, Connecticut 06032

A B S T R A C T Acute immunologic injury of rat lung
has been induced by the intrabronchial injection of
heterologous antibody and the intravenous injection of
radiolabeled antigen. Within 4 h an acute hemorrhagic
neutrophil-rich exudate develops in alveolar and inter-
stitial areas and then gradually fades. Lung injury in
this model can be quantitated by measurements of in-
creased vascular permeability and extractable hemo-
globin. By the use of immunofluorescent techniques,
alveolar and interstitial deposits of antigen and antibody
have been demonstrated, but not the third component of
complement (C3). Although not found in relation to
immune complexes, C3 is nevertheless present in dam-
aged lung as measured by accumulation of radiolabeled
C3 from the circulation. Ablation experiments indicate
the requirement for both circulating neutrophils and
C3 for the development of lung injury. These studies
provide definition for the development of lung damage
induced by immune complexes.

INTRODUCTION
In order to gain better insight into the many types of
pulmonary inflammatory diseases which afflict man and
are presumed to have an immunological basis, several
experimental approaches using animal models have been
studied. In general these models of immunologic lung
injury can be divided into those that feature antibody
specific to native lung antigens and those that are medi-
ated by immune complexes. To what extent a third
mechanism, cell-mediated immunity, may play a role in
the various types of lung injury is not known. The gen-
eral subject of immunologically induced lung injury
has been recently reviewed (1, 2).

Studies utilizing heterologous lung-specific antibody
have demonstrated that the primary morphologic find-
ing is focal perivascular hemorrhage of quite limited
duration (3, 4). This experimental model has been
somewhat disappointing in terms of recognizable rele-

Received for publication 31 January 1974 and in revised
form 12 April 1974.

vance to human pulmonary diseases except, possibly, in
the case of pulmonary hemorrhage associated with
Goodpasture's syndrome (5). Another approach to the
study of immunologic lung diseases has involved active
sensitization of animals, followed by administration of
antigen via intrapulmonary (transbronchial) passage
or intravenous challange. With actively sensitized ani-
mals it becomes very difficult to discern the immuno-
logical mechanism of tissue injury, but it has been as-
sumed that in most cases immune complexes are in-
volved (6-12). In several of these studies massive
amounts of antigen, much of it in crude form, have been
introduced intrabronchially, making the results difficult
to interpret. In none of the studies cited above has it
been possible to obtain precise quantitative data that
reflect the degree of tissue injury. Furthermore, few, if
any, of the studies have delineated the mediator sys-
tems responsible for the ensuing tissue injury.

In this report we describe a model of experimentally
induced immunologically dependent pulmonary damage
produced by immune complexes. The acute inflammatory
reaction in pulmonary alveoli has been quantitated by
the use of radioactive markers. In addition, mediator
systems essential for the development of lung injury
have been determined. This model may serve as a basis
for the systematic study of immune complex-induced
injury of the lung.

METHODS
Animals. Adult male, Long Evans rats weighing approx-

imately 300 g were used as the experimental subjects.
Experimental procedures. When pulmonary reactions

were induced, the antibody (present as the rabbit IgG
fraction which was rich in antibody to bovine serum
albumin [BSA] 1) (13) was injected into the bronchial
tree by tracheostomy performed under ether anesthesia.
Through the lumen of a no. 17 needle inserted into the
trachea a polyethylene catheter with a caliber of 1 mm
was passed into the bronchial tree and the antibody in-
jected during inspiration. The catheter and needle were

'Abbreviations used in this paper: BSA, bovine serum
albumin; PMN, polymorphonuclear leukocyte.
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FIGURE 1 Histologic features of the pulmonary reaction in a positive, control animal (A).
There is extensive intra-alveolar accumulations of protein, red cells and neutrophils. At a

higher magnification, neutrophils are present in alveolar septal walls (B). The reaction in a

complement-depleted rat (C) reveals few cells or protein material in alveolar spaces, with
slightly increased interstitial cellularity. A section of normal rat lung is shown for comparison
(D). (Sections were formalin fixed and stained with hematoxylin and eosin. Magnification:

40, 120, 40, 40 X, respectively for A-D.)
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T.ABLE I
Dependence of Lung Permneability Changes on

Specific . nlibody

Animal group Permeability
(Nature of IgG) 1l cbanges*

Nornmal rabbit lgG 5 0.2 7 ±4)0.124
Rabbit anti-BSA 5 1.32 4±0.34

* Measured as the amount of radioactivity in lung lobes
relative to the amount of radioactivity in 1.0 ml blood ob-
tained at the time of sacrifice. The numbers represent milli-
liter equivalents of radioactivity present in the blood.
t Standard error of the mean in this and all stibsequent tables.

then withdrawn. Antibody in a total voltume of 0.25 ml,
containinig 250 ,ug antibody nitrogen (as precipitating anti-
body), was used. Controls for the experimental group con-
sisteci of rats similarly treated, but injected intrabronchiallv
with 0.25 ml of rabbit IgG lacking in antibody to BSA
(hut containing the same total amount of protein), or rats
injected intrabronchially with 0.25 ml saline. Immediately
after the transtracheal intrabronchial injections, 10 mg BSA
was iiijected intravenously via a foot vein. WN'hen radio-
labeled BSA was used, a trace amount was mixed with
the nonlabeled BSA before injection. The BSA was radio-
tagged with 1251 such that each protein molecule contained
an average of w molecule of 'I. The lung reactions were
jiermitted to develop over the course of several hours. At
the time of sacrifice, the pulmonary vasculature was per-
fused with 5 ml saline injected into the right ventricle of
the heart so that blood-associated radioactivity in the pul-
monary vasculature would be removed. In some experi-
ments two l)rotein markers were used, one labeled with
"I, the other With 1251. Jodination was l)erformed by the
iodine monochloride method (14). The proteins included
BSA, human IgG, and rat C3 purified in the same manner
as human C3 (15)). Briefly, C3 was isolated by isoelectric
)recil)itation, ion exchange chromatography, hydroxyl apa-

tite chromatography, and preparative electrophoresis. The
resultant p)rel)aration yielded a single band in analytical
l)olyacrvlamicle electrophoresis. Approximately 1 ,uCi radio-
activity was injected into each rat.

\When lung homnogenates were studied for hemoglobin
content, lung tissues were homogenized with a Virtis in-

TABLE II
Cornpalrison of Permteability Changes in Lungs,

U'sing Two Different Proteins

Permeability changes*

Animal groups a BSA IgG

Controls (saline
into ltings) 4 0.37±(40.07 0.36±0.02

Experimental (antibody
into lun11gs) 4 0.70±(0.07 0.76±0.09

* As meastired by the accunmutilation in lungs of [1231]BSA.and
[1311]IgG (hunian) which had been simul taneotisly given
intravenously.

.\nimal groups

Controls (saline
intO luings)

Experimientals (anti-

body into lungs)

Hours after injection of reactants

.i 5 24 48 96

0.14 0.36
0.28
0.22
0.14
0.28

0.54 0.81
0.81 0.94

0.81
0.87

0.30 0.34 0.30(
0.22 0.30 0.30

0.58
0.54
0.58

0.30 0.36
0.34 0.46

* AccumuIlation of radiotagged BSA in lung tissues, expressed
as milliliter eqltivalents of blood radioactivity, as in Tables I
and II. Each number represents a different animal.

strutment ( 16). The lipid-rich supernate obtained after
centrifubation of the homogenate at 20,000 y for 15 min
was then l)assed through a Millipore filter (pore size of 0.4
Am) and the solution read in a Gilford microsample 300 N
spectrophotometer (Gilford Instrument Laboratories, Inc..
Oberlin, Ohio) at 415 nm. Immunofluorescent microscopy
was carried out by using the direct technique, according to
previously reported procedures (13).

.lrthits reactions. These reactions were induced by the
intradermal injections of the 100 ,ug antibody N to BSA
(see above) and the systemic injection of 10 mg BSA
to which radiotagged BSA had also been added (see above).

TABLE IV
Localization of Reactants by Iinnttmnoflutorescence

Proteins localized in tissues*
Time of Animal
reaction number Rabbit IgG BSA Rat C3

h
3 1 3-+ 2+ neg

2 3+ 3+ nleg,

5 3 3+ 4+ nleg
4 3+ 4+ nieg
5 4 + 3 + neg
6 2+ 4 + nieg
7 3+ 3+ ileg

8 8 trace 3 + nleg
9 neg neg neg

20 10 neg neg neg
11 lneg neg Ileg

* lated in ternms of intensity on ani arbitrary scale, 1 to 4+,
accordingi to reference 13.
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FIGURE 2 Immunofluorescent studies in a normal, com~plement-intact rat. Localization of the
intravenously injected antigen, BSA, shown in (A), is granular, irregular and diffuse,
apparently in alveolar spaces. Anti-body (rabbit IgG) (B), shows a similar but slightly less
well defined distribution. No C3 is demonstrable in serial sections of lung reactions (C),
where autofluorescing elastic laminae of arterioles are seen. A dermal Arthus reaction in the
same animal at the same interval (3 h) demonstrates the presence of C3 in the wall of a

small blood vessel. (A, B, and D are 40 X magnifications; C is 150 X.)

352 K. J. Johnson and P. A. Ward



Biopsies of Arthus sites were obtained 3-5 h later, de-
pending on the experimental protocol.

Preparation of C3 inactivator. This was isolated from
crude cobra venom according to the procedure of Ballow
and Cochrane (17). Rats received 250 U of the C3 in-
activator over a period of 2 days, sufficient to cause dis-
appearance of the C3 band when sera were tested by
double diffusion in gel by using rabbit antibody to rat C3
(18).

Neutrophil depletion. This was carried out by using
rabbit antibody to rat neutrophils. The preparation was
described previously (13). Treatment was sufficient to pro-
duce a neutrophil count of < 500 cells/mm8 blood. Under
such conditions, Arthus reactions were totally suppressed
both grossly and histologically.

Permeability changes. These were measured by the ac-
cumulation of either. radiotagged BSA or human IgG in
lobes of lungs in which vasculatures were perfused with 5
ml saline at the time of sacrifice (see above). At this
point the perfusion fluid was clear and colorless. In each
milliliter of this fluid less than 1% of the radioactivity
present in 1 ml blood could be measured. Permeability was
expressed as the amount of radioactivity accumulating in
lung tissue relative to the amount of radioactivity present
in 1 ml blood removed at the time of sacrifice.

Radioactivity measurements. A deep well scintillation
counter (Nuclear-Chicago Corp., Des Plaines, Ill.) instru-
ment was used. In some experiments appropriate settings
were used so that simultaneous counting of 'I and "31I
could be accomplished.

RESULTS
Gross and histologic features of pulmonary reactions.

Within 5 h after intrabronchial and intravenous injec-
tion of the respective reactants, acute hemorrhagic re-
actions developed in the lungs. Grossly, these reactions
varied from diffuse focal hemorrhages in dependent
areas of supine rats (right upper, right lower, and left
upper lobes) to confluent hemorrhages, especially prom-
inent in the right lower lobes. Lung consistency was
markedly increased in such cases. In animals injected
with saline or rabbit IgG devoid of antibody activity
to BSA the lobes of lung appeared grossly normal, ex-
cept for local atelectactic changes in the right lower
lobe. Histologically, changes were striking in the posi-
tive control animals which received antibody intra-
bronchially and antigen intravenously. There was evi-
dence of an acute hemorrhagic alveolitis, with large
numbers of neutrophils in alveolar septal walls. While
less prominant, neutrophils were also seen in alveolar
spaces, along with large numbers of red cells and edema
fluid Fig. 1, A and B). The acute neutrophil-rich
hemorrhagic alveolitis was especially prominent during
the first 8 h after induction of the reaction. From 12 h
and through the next 5 days the inflammatory exudate
progressively disappeared so that on the 5th day lungs
were essentially normal in appearance, both grossly and
microscopically. In the "negative controls," that is, rats
receiving rabbit IgG (lacking in antibody activity to
BSA) intrabronchially and BSA intravenously, the his-

tologic changes during the first 8 h consisted of small
numbers of neutrophils scattered in alveolar spaces.
These were few compared with the positive controls.
No evidence of hemorrhage was found in the negative
controls. This mild histologic reaction disappeared by
24 h.

Permeability changes in lungs during acute alveolitis.
The data in Table I show the extent of pulmonary
injury, as measured by changes in permeability deter-
mined by accumulation of ["lI]BSA in the lung tissues.
Two groups of rats (five each) were used, one receiv-
ing an intrabronchial injection of 1.0 mg rabbit IgG
which lacked anti-BSA activity while the second group
received the same total amount of rabbit IgG which
contained 250 ,tg N anti-BSA (as precipitating anti-
body). Both groups received 10 mg BSA (with radio-
active marker) intravenously. The difference in the
permeability change was strikingly apparent: while the
"negative" controls accumulated an equivalent of only
0.27 ml blood radioactivity in their lungs, the "posi-
tive" controls had a mean accumulation of 1.32 ml
blood radioactivity in their lungs.

In order to determine if permeability changes in
lungs would be quantitatively similar when a protein
marker which was incapable of entering into the im-
munologic reaction was used, rats were injected simul-
taneously with 1 mg human IgG (trace labeled with "I)
and BSA (trace labeled with SI). Radioactivity accumu-
lations in lungs were then measured (Table II). While
the permeability changes in the positive controls in this
experiment were not as great as those described in the
preceding experiment, the data from these studies were
nevertheless quite clear-cut; the permeability changes
measured either by the immunologic reactant BSA or
by the nonreactant protein, human IgG, were very
similar. It would therefore appear that most of the
BSA accumulating in the lung reactions occurs as a
result of permeability changes and that probably only a
relatively small amount of BSA enters into a specific
immunologic reaction (binding with antibody).

The time-course of the pulmonary reactions was
studied with reference to permeability changes (mea-
sured by ['"I]BSA accumulation) in lungs of animals
experiencing reactions over the course of 3-96 h. As
is apparent in Table III, permeability changes were
evident as early as 3 h and seemed to reach a maxi-
mum at 5 h. The accumulation of radioactivity was
always considered relative to the accumulation of radio-
labeled BSA in negative control rats injected intra-
bronchially with saline. By 24 h the differences in
accumulating radioactivity between the negative and
positive controls was less apparent. From the 48 to the
96 h interval both the relative (to blood) as well as

the actual amounts of radioactivity in lungs of both
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TABLE V
Accumulation of Serum C3 in Damaged Lungs

Concentration of
Animal groups n [1251]C3 in lungs

Control (saline
into lungs) 6 0.274±0.12*

Experimental (antibody
into lungs) 6 0.8140.28

* Expressed as milliliter equivalents of C3 radioactivity in 1.0
ml blood obtained at the time of sacrifice.

controls and experimental rats were similar. At these
latter intervals retention of small amounts of BSA in
the lung tissue could not be differentiated from con-
tinued delivery of the radioactive marker due to small
but persistant changes in permeability.

Imnzunofluorescent studies. Lung tissue was ex-
amined for the presence of the reactant proteins: rabbit
IgG (injected intrabronchially), BSA (injected intra-
venously), and rat C3. The data in Table IV show
that both the antibody (rabbit IgG) and BSA could be
detected in lung tissue during the first 5 h of the
reaction. The pattern of distribution of these proteins
was irregular and focal, consistent with septal and
alveolar distribution. Where rabbit IgG was found,
BSA was also found (Fig. 2, A and B). Surprisingly,
rat C3 could not be detected at any time in the pul-
monary tissues (Table IV; Fig. 2C). By 8 h BSA
and rabbit IgG became more difficult to detect and by
20 h all evidence by immunofluorescence of these pro-
teins had disappeared (Table IV).

The inability to detect C3 in the pulmonary tissue
could not be ascribed to a poor immunofluorescent
preparation, since the same reagent detected C3 in
developing intradermal Arthus reactions of the rat
(Fig. 2D).

Accumulation of C3 in lung lesion. The inability to
detect C3 by immunofluorescence in the developing pul-
monary reactions of acute immunologic alveolitis raised
the question as to whether C3 was being actively ex-
cluded from the reaction sites in lungs. To approach
this question, rats were injected with a mixture con-
taining a total of 200 iug pure rat C3, of which approxi-
mately 10% was labeled with "SI. Accumulation of this
protein in the developing pulmonary reactions was
measured. The data in Table V indicate that whereas
the accumulation of C3 in the negative control (saline
intrabronchially) was in the same low range of other
proteins (Tables I, II), nearly three times more C3
accumulated in the positive controls. The amount of
C3 accumulating in the developing lung lesion is quan-
titatively similar to the amounts of BSA and human
IgG (Table II). The failure to detect the C3 protein

by immunofluorescence was unexplained but was ob-
viously not due to the fact that rat C3 failed to find
its way into lung tissue.

Abolition of pulmonary reactions in C3-depleted rats.
In order to obtain further information on the possible
role of C3 in the development of acute immunologic
alveolitis, 11 rats were treated with the C3 inactivator
isolated from cobra venom (17). This resulted in loss of
measurable CHes levels in sera of treated animals and
the concomitant loss of immunochemical evidence for
C3 in the sera of nearly all treated animals (Table
VI). Pulmonary reactions were then induced in these
animals. The results are shown in Table VII. The C3-
depleted rats grossly and histologically (Fig. 1, C)
showed little evidence of acute hemorrhage compared
with the C3-intact positive controls (Fig. 1, A and B).
This was very evident when the lung homogenates were
examined spectrophometrically (Table VII). Perme-
ability changes in the lungs were low in saline-injected
(intrabronchially) controls, with only 0.39 ml blood
radioactivity equivalent; whereas, the positive controls
had a mean permeability change of 1.37 ml. On the
other hand, the C3-depleted rats had a value between
those of the positive and negative controls, with a mean
value of 0.56 ml. That this was slightly higher than
the value for the negative (saline-injected) control
group was apparently due to the fact that four of the
11 rats had low but detectable levels of C3 as measured

TABLE VI
Complement Depletion after Treatment with C3 Inactivator

Rat Whole serum CH5o C3 titer*

Normal
1 34 20
2 42 20
3 35 20
4 37 20

Depleted
1 <4 0
2 <4 4
3 <4 8
4 <4 0
5 <4 0
6 <4 0
7 <4 0
8 <4 2
9 <4 0

10 <4 0
11 <4 4

* Reciprocal of serum dilution when C3 precipitin band in
gel double diffusion disappeared. The zero values indicate
that in neat serum no C3 could be demonstrated immuno-
chemically.
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immunochemically (Table VI). Dermal Arthus reac-
tions in these animals were either markedly or totally
suppressed. These findings indicate that the develop-
ment of acute immunologic alveolitis can be averted by
prior treatment of rats with the C3 inactivator isolated
from cobra venom.

Dependence of pulmonary reactions on available cir-
culating neutrophils. The question arose as to whether
the reaction of acute immunologic alveolitis was de-
pendent on the availability of circulating neutrophils.
Rats were depleted of neutrophils by the use of rabbit
antibody specific to rat neutrophils. This resulted in a
lowering of the neutrophil count to < 500 cells/mm'
blood. When neutrophil-depleted rats were subjected to
the same procedures as the polymorphonuclear leuko-
cyte (PMN) -intact animals, gross changes were not
seen in the lungs of neutrophil-depleted rats; whereas,
in the PMN-intact rats given anti-BSA intrabronchi-
ally the typical focal and confluent hemorrhages were
seen, as described above. It was not possible to dis-
tinguish grossly or histologically tissues of the PMN-
depleted rats from the negative (saline-injected) con-
trol rats (Fig. 1 D). The permeability changes in the
lungs of neutrophil-depleted rats were slightly less
than those measured in the negative controls (Table
VIII, 0.27 vs. 0.29 ml). In contrast, the positive con-
trol animals showed the characteristic increased perme-
ability (0.96 ml). These data indicate that neutrophils
play an important role in the intensification of tissue
injury in immunologic alveolitis, as judged by changes
in permeability.

DISCUSSION

Studies of immunologically induced injury in the lung
have certainly not kept pace with the progress in our
understanding of immunologically induced injury in
the kidney (19). Part of this problem is probably due
to the difficulties in measuring changes in pulmonary
function in experimental animals and the attendant

TABLE VII
Dependence of Pulmonary Damage on Availability of C3

Permeability Hemorrhage
Animal groups at changes* (OD at 541 nm)+

Controls (saline
into lungs) 4 0.39±0.05

Experimental
(C3-intact) 5 1.37 ±0.25 3.600±0.360

Experimental
(C3-depleted) 11 0.56±i0.06 0.5654±0.119

* As measured by the accumulating [1251]BSA, according to
ITables I-IIl.
t Hemoglobin in lung homogenate.

TABLE VI1I
Dependence of Pulmonary Damage on Availability

of Neutrophils

Permeability
Animal groups n changes*

Controls (saline into lungs) 8 0.29±0.08
Experimental, neutrophil-intact

(antibody into lungs) 9 0.96±0.30
Experimental, neutrophil-depleted

(antibody into lungs)t 9 0.274±0.04

* Measured by extravasation of radiolabeled BSA, as in
Table I and described in text.
t All animals had < 500 neutrophils/mm3 blood.

technical difficulties encountered in the surgical manipu-
lations of the lung. Certainly our lack of clear under-
standing of immunopathologic mechanisms in the lung
has been detrimental to interpreting biopsy and ne-
cropsy material coming from patients with a variety
of inflamnmatory lung disorders, many of which parade
under the general term "interstitial pneumonitis."

The type of lesion found in the experimental model
described in this paper consists of an acute inflamma-
tory exudate with edema, neutrophils, and hemorrhage.
The localization of the cellular exudate is both inter-
stitial and, to a less striking degree, intra-alveolar.
The inflammatory cellular reaction appears to be rela-
tively monophasic in that, following a heavy accumula-
tion of neutrophils in the first 3-5 h, only a few mono-
nuclear cells are seen at 12 and 24 h. Most of the
neutrophils simply disappear and are not replaced by
another cell type. This is analogous to the reversed
passive dermal Arthus reaction in skin in which accu-
mulation of neutrophils leads to phagocytic uptake and
destruction of the immune complex, resulting in a
shutting off of the reaction (13, 20). To what extent
the morphologic features of the lung reaction in our
model might be altered by repeated exposure of the
lung to immune complexes is not known. It seems likely
that under such circumstances, a more chronic type of
inflammatory cellular exudate might develop. If so, this
would more closely mimic the inflammatory reaction
seen frequently in human patients with interstitial
pneumonitis.

The reaction described above might be considered
an "Arthus reaction in the lung." The reaction is ini-
tiated by antigen diffusing from the circulation into a
tissue bed containing deposits of antibody. The precise
area of the reaction cannot be determined by the im-
munofluorescent techniques employed. The immune com-
plexes may be initially forming in alveolar septal walls
(i.e., primarily in an interstitial location) or along
alveolar surfaces. Determination of the question wsill

Acute Immunologic Pulmonary Alveolitis 353



probably require immuno-electron micrographic ap-
proaches. Irregular granular deposits of antigen and
antibody in alveolar and pulmonary interstitial areas
certainly resemble those seen in the dermal Arthus re-
action (13). Clearly, the ability to suppress the pulmo-
nary inflammatory reaction with either C3 depletion or
neutrophil depletion means that, like the dermal Arthus
reaction, neutrophil accumulation requires availability
of C3. Moreover, the major damage (reflected by
hemorrhage to alveolar/capillary beds) appears to be
the result of neutrophil accumulation with the subse-
quent delivery of a battery of enzymes, many lysosomal
in nature, that can utilize structural proteins in the
lungs as substrates. What cannot be explained at present
is the precise role of C3 in the developing inflammatory
reaction in the lung. The demonstration by radioactivity
of C3 in the pulmonary tissues (Table VII) contrasts
with an inability to demonstrate by immunofluoresence
C3 in association with immune complexes. This sug-
gests that the bulk of C3 is not tissue fixed and that
it probably has been washed out during the immuno-
fluorescent staining procedures. The inability to dem-
onstrate C3 in tissue reactions by immunofluorescence
could be due to insensitivity of the technique, or it
could mean that the critical role of C3 is mediated by
a fragment (such as C3a) or complex (such as C423)
that is diffusable and not easily fixed to cell surfaces or
immune complexes. Tissues were examined for the
presence of C3 at a time beginning 3 h after injection
of immune reactants. It is possible that by this interval
C3 had already been fixed by the complexes in the tis-
sues, and then removed by the infiltrating neutrophils
(13, 19). However, against this possibility is the failure
to detect C3 even in lungs of neutrophil-depleted rats.

It has to be admitted that in this model the main
measurement of tissue damage is the quantitation of
vascular permeability. While there is good evidence to
indicate that the mediators of permeability and the leu-
kotactic factors are structurally different and work in-
dependently, it is fairly clear from the data presented in
this paper that most of the increase in permeability
is really a reflection of vascular injury induced by the
arrival of neutrophils (Table VIII). Perhaps a more
direct quantitative measure of the inflammatory reac-
tion would be the numbers of neutrophils in the lung,
but in our hands this has proven to be extremely diffi-
cult because of technical problems. Bronchial wash out
procedures, which have been monitored histologically,
have failed to result in release of neutrophils in deep-
lying (alveolar) areas of lung, rendering this procedure
unreliable as an approach to quantitating the cellular
aspect of the inflammatory reaction. A search for en-

zymes in homogenized lung tissues likewise has not, for
several technical reasons, been a successful approach to

the quantitation of inflammatory cells in lung tissue.
Consequently, we continue to measure permeability
changes as the chief approach to the quantitation of
lung injury.

In consideration of what marker should be used for
the measurement of permeability changes, it was sur-
prising to discover that regardless of whether or not
the protein was able to enter into the immunologic re-
action (BSA and C3, Tables II and VII, vs. human
IgG, Table II), this made little difference in the result.
As much nonimmunologically reactive protein (human
IgG) accumulated in the pulmonary tissues as did the
immunologically reactive protein (C3 and BSA). It
can be calculated, on the basis of the predetermined
binding ratios (at equivalence) for antigen and anti-
body, that the amount of antigen in lungs exceeds this
value by at least 50-fold, assuming that all the anti-
body were accessible to antigen, which does not seem
likely.

These studies would appear to be among the first
to provide definition of mediator systems involved in
immunologic injury of the lung. The requirements for
complement and neutrophils mirror the findings in the
dermal Arthus reaction (13) and acute glomerulo-
nephritis induced by heterologous antibody to glomeru-
lar basement membrane (15). Nevertheless there are
some puzzling findings emerging from these studies, a
major one being the precise role of C3 in the mediation
of tissue injury. It will be important to determine if
immune complex-induced injury in human lung also
requires the participation of C3 and to what extent, if
any, this protein is demonstrable in tissue lesions. Ob-
viously this would have important implications for the
interpretation of immunohistochemical results. Our cur-

rent lack of knowledge about the outcome of repeated
immunological results to the lung emphasizes the need
for a careful and intensive study of the reaction of the
lung to immunologic injury.
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