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The established use of periodic gamma
globulin injections to help control sino-pul-
monary infections in patients with hypo- or
agammaglobulinemia (1-3) suggests that
antibody from the intravascular space gains
access to lung tissue and respiratory secre-
tions. These commercial preparations of
gamma globulin contain primarily immuno-
globulin G (4). It has been established that
IgG is a major constituent of the protein
milieu of the lower respiratory tract in hu-
mans (5-7) and a variety of animals includ-
ing the rabbit (8), dog (9-11), and rat (12).
Other immunoglobulins such as IgA and
IgE are present, but IgM is rarely found (7)
or, if so, in very small amounts (11). In vitro
studies of bacterial phagocytosis by alveolar
macrophages obtained from humans (13)
and rabbits (14) have shown opsonic IgG
antibody to enhance bacterial uptake by
these cells and thus help explain the appar-
ent usefulness of gamma globulin therapy
3).

This present study examines the transfer
of intravascular IgG into broncho-alveolar
secretions, the kinetics of this protein in the
lower respiratory tract, and the effect of
altering the IgG molecule on this transfer.
Normal dogs have been used.

Materials and methods. Animals. One-
year-old male beagle dogs weighing approx-
imately 10-15 kg were used. Animals were
housed individually in cages which were de-
signed to collect urine specimens.

Experimental design. To study the plasma
to broncho-alveolar fluid transfer of par-
enterally administered immunoglobulins,
groups of dogs were injected with !%I-la-
beled purified proteins and the distributions
of radioactivity evaluated. After intramus-
cular injection, serum samples were taken at
2-hr intervals for the first 8 hr, then daily (9
AaM) for the first week and twice weekly
thereafter. The urine was monitored daily

for '*] activity. Pulmonary lavage was per-
formed 8 hr after injection of labeled pro-
tein, daily for the first week, and twice
weekly thereafter.

Preparation of immunoglobulin G and M
for injection. Methods used to obtain canine
serum IgG and IgM have been described
(15, 16). In brief, pooled dog serum was
precipitated with 30% dry ammonium sul-
fate; the precipitate was redissolved and di-
alyzed extensively against borate-saline
buffer to remove excess ammonium sulfate.
After a final dialysis in 0.02 M tris(2-ami-
nohydroxymethyl-1,3-propanediol) HCI
buffer, the preparation was chromato-
graphed on DEAE-cellulose and eluted
with a 0.3 M NaCl-Tris gradient. IgG con-
taining fractions of low molarity (conductiv-
ity 1.0-9.0 mmho) and pH 8.0-8.5 were
collected and gel filtered through Sephadex
G-200. Effluent protein was identified as
IgG by the criteria of cathodal electropho-
retic mobility on immunoelectrophoresis,
immunoprecipitation with specific anti-Fc
gamma () chain antiserum (15), and a sedi-
mentation coefficient of 6.7S found with
ultracentrifugation (16). IgG was princi-
pally of the subclass ya,b (15).

IgM was isolated from the same serum
preparations except that protein fractions of
conductivity 12-16 mmho and pH 9.0 after
DEAE chromatography were pooled. This
material was passed over a Sepharose 2B
rabbit anticanine IgM immunoadsorbent
(17) and IgM was eluted with 0.1 M citrate,
pH 2.2. Finally, IgM was gel filtered
through Sepharose 6B and concentrated
with positive pressure ultrafiltration. Immu-
noglobulin preparations were stored at 4°
until iodinated.

F(ab’), fragments of IgG were made by
pepsin digestion (14). Purified IgG was di-
gested with pepsin (Worthington Biochemi-
cal Co., Freehold, NJ) at pH 4.3 for 8 hr
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and gel filtered on Sephadex G-150. Sedi-
mentation coefficients for the fragments
were determined by ultracentrifugation
(Beckman model E).

Protein iodination. Purified serum immu-
noglobulins were labeled with carrier-free
125] (New England Nuclear, Boston, Mass.)
by the method of McConahey and Dixon
(18) using choloramine-T and sodium meta-
bisulfate. The excess ' was removed by
extensive dialysis against 0.9% saline
buffer. The specific activity of the prepara-
tions used ranged from 7.85 X 107 to 1.73
X 10® cpm/mg. Each animal received a 3-ml
intramuscular injection containing 2.5 mg of
radiolabeled purified immunoglobulin.

Collection and processing of specimens.
Selective lavage of lower lung lobe was done
through a fiberoptic bronchoscope as de-
scribed previously (19). The bronchoscope
wgs wedged in a lower lobe bronchus and
two 50-ml aliquots of sterile 0.9% saline
were infused and aspirated into a sterile
syringe. Sequential washes on successive
days were done in alternate lower lobes. All
animals tolerated the procedure well and
had no noticeable adverse effects.

The lavage fluid was centrifuged at 500g
for 15 min at 25° and the supernatant was
decanted from the cell pellet. The percent-
age of red blood cells in the pellet was con-
sistently less than 3% in analyzed speci-
mens. A 1-ml aliquot of the lavage fluid was
analyzed for radioactivity in an automatic
gamma counter (Series 1185, Nuclear Chi-
cago Corp., Des Plaines, IL). In certain
experiments the entire supernatant fluid was
concentrated to a 2-3 ml vol with positive
pressure ultrafiltration (UM-10 filter, Ami-
con Corp., Lexington, MS) at 4°.

Serum was extracted from clotted blood.
Twenty-four-hour urine samples were col-
lected from animal cages, and after the vol-
ume was measured, 1 ml was examined for
radioactivity.

Sucrose density ultracentrifugation (8,
16) was used to separate serum and bron-
chial proteins. Samples (0.25 ml) were lay-
ered on 5-ml linear sucrose-density gra-
dients (10-40%) and centrifuged at 35,000
rpm for 18 hr at 4°. Fractions of 0.2 ml were
collected and counted in a gamma counter
to identify the position of the labeled pro-
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tein in the serum and bronchial secretions.
Immunoglobulins were identified in gra-
dient fractions by gel diffusion, using anti-
sera specific for each protein. Rabbit anti-
IgG Fc and Fab antisera were used (15). It
was felt that ultracentrifugation provided a
more accurate identification of labeled im-
munoglobulins than nonspecific precipita-
tion of protein.

Calculations. Data were plotted semi-
logarithmically and the slopes of curves de-
termined by the method of least squares. Stu-
dent’s t-test was used to compare the decay
curve slopes. The half life was derived from
the equation for exponential decay (20),
with corrections made for '?°I decay during
the time of observation. The plasma volume
was assumed to be 7% of each animal’s
body weight (21). The urine activity was
corrected to total urine volume on the basis
of 24 hr urine collection.

Radioactivity in broncho-alveolar wash-
ings was corrected to total bronchial surface
area. It was determined in a group of con-
trol animals that the 100 ml lower lobe la-
vage consistently sampled about 25% of the
bronchial surface area. When an equivalent
amount of radiopaque dye was infused and
aspirated through the bronchoscope, chest
X-rays taken immediately after removal of
the dye showed selective opacification of the
lower lobe area. Autopsy and in vitro lung
infusions were used to verify this estimate.

Results. Reproducibility of broncho-al-
veolar lavage. Seventy-five 100-ml lavages
were performed in these studies, and the
mean recovery of fluid was 78 * 0.77 ml
(range, 61-90 ml). To document the con-
sistency of protein values obtained by serial
bronchial lavage, two dogs were lavaged
daily for 5 successive days and the albumin
and IgG values in concentrated lavage fluid
specimens (mean final volumes 2.8 ml = 0.2
SEM) measured. There was a variation of
5-8% in the daily values of these two pro-
teins with repeated lavage. The mean ratio
of IgG (mg/ml) to albumin (mg/ml) was
0.06 = 0.003 for the 10 lavages and was
similar in both animals. Serum values for
IgG and albumin showed no fluctuation dur-
ing the 5 days of lavage.

Distribution of radiolabeled immunoglob-
ulin. The pattern of distribution of IgG is
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shown in Fig. 1. Each point represents the
arithmetic mean and standard error of de-
terminations from four dogs. Rapid absorp-
tion of intramuscularly administered IgG
was noted by 2-4 hr with maximal plasma
activity evident at 24 hr, followed by grad-
ual diminution over the next 25 days. At 8
and 24 hr there was evidence of some radio-
activity in the bronchial secretions but maxi-
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mal activity was seen at 48 hr, followed by
an elimination rate during the next 3 weeks
that was not significantly different (p >
0.20) from that in serum. Figure 2 shows a
representative separation in sucrose density
gradients of serum and concentrated bron-
chial secretions obtained 48 hr after injec-
tion of labeled IgG. Greater than 95% of
the radioactivity is associated with gradient
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Fic. 1. Distribution of radioactivity after intramuscular administration of !*I-labeled IgG in plasma, urine,
and bronchial lavage fluid is shown for 26 days of observation. 1?1 activity depicted on the ordinate has been
corrected to total plasma volume, urine volume, and bronchial surface area. Each point represents the mean and

standard error of the activity found in four dogs.
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Fig. 2. Separation is shown for serum and concentrated bronchial secretions obtained 48 hr after intramuscu-
lar injection of radiolabeled IgG on identical 10 to 40% linear sucrose density gradients. Vertical bars give relative
IgG concentrations in the gradient fractions. '*] activity measured on the ordinate coincides with the sedimenting
position of IgG in both the serum (A- -A) and bronchial secretion (O- -O) gradients.
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fractions containing IgG in both specimens,
confirming that nonspecific radioactivity or
protein degradation products are not re-
sponsible for the measured !*I activity.
However, in urine samples radioactivity was
nonprecipitable and not attached to identi-
fied protein moieties.

The elimination of radiolabeled IgG from
the serum of this group of dogs was 9 days
(T,),, Table I). In the lavage specimens, the
T,,, of 7.5 days was not statistically differ-
ent from serum (p > 0.20). Cumulative
results from the 26 days of study indicated
that 0.15% of the initial IgG dose was re-
covered in the lung secretions.

Pepsin-digestion of IgG produced F(ab’),
fragments with a sedimentation coefficient
of 5.5 sa0,. After labeling with 251, these
fragments were injected into a pair of dogs
and the distribution monitored (Fig. 3).
Again, there is rapid absorption of the intra-
muscularly administered protein and maxi-
mal radioactivity in bronchial secretions is
seen 24 hr after injection, although some
activity is evident at 8 hr. Most of the radio-
activity in the bronchial secretions was gone
by 10 days after injection of labeled protein.
Repeated sucrose density gradient separa-
tions of serum and concentrated bronchial
secretions from these dogs indentified radio-
activity in the F(ab’), fractions of the gra-
dients. Cumulatively, only 0.03 % of initial
dose of F(ab'), fragments were recovered in
lung lavage specimens. As given in Table I,
the elimination rates in serum and lavage
were much less for the fragments than intact
IgG.

Similar studies in a pair of dogs were done
with IgM. The kinetics of IgM absorption

TABLE 1. HALr-LIFg oOF '**I-LABELED PROTEINS IN
SERUM AND LUNG LAVAGE.

Broncho-alveolar

Serum lavage
IgG 9.0 = 0.08¢ 7.5 £0.38
(n =4) (8.8-9.2) (6.5-8.3)
F(ab’) 4.3° 1.8
(n =2y
IgM 5.2
(n=2)

@ Mean T,, in days corrected for '*I decay =+ SEM.
& Average value.
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were similar to those found for IgG except
the elimination rate from serum was less.
No IgM associated radioactivity was de-
tected in broncho-alveolar lavage speci-
mens.

Discussion. The objective of this study
was to determine the kinetics of immuno-
globulins entering the lower respiratory
tract secretions from the intravascular space
in normal animals. In this respect a very
small percentage (0.15%) of parenterally
administered IgG was recovered in bron-
cho-alveolar lavage specimens during ap-
proximately 4 weeks of observation. Altera-
tion of the IgG molecule to create an F(ab’),
fragment, devoid of the Fc portion of the
gamma chain, effectively reduced the tran-
sudation of IgG into respiratory secretions
to an almost negligible amount. Moreover,
intact IgM did not appear in the broncho-
alveolar lavage.

We conclude from these studies in dogs
that circulating humoral IgG contributes
only a small portion of the immunoglobulin
found in pulmonary secretions. Thus, it ap-
pears that passive infusion of IgG is not an
efficient method of increasing IgG in respi-
ratory secretions of normal subjects. How-
ever, the critical level of specific antibody in
respiratory secretions needed for protection
against infectious agents is now known and
may be quite small. Furthermore, pulmo-
nary irritation or suppuration undoubtedly
cause changes in pulmonary vascular perme-
ability and serve to increase concentrations
of immunoglobulins in respiratory secre-
tions.

It was of interest that peptic digestion of
IgG to create a smaller protein fragment
(5.5S) devoid of the Fc portion reduced
transudation or penetration into lung secre-
tions. The Fc portion of the molecule may
be critical for determining the extravascular
distribution of IgG as well as other biologi-
cal activity of the immunoglobulin. In rab-
bits (14), F(ab'), fragments generated from
IgG having specific antibody activity for
Pseudomonas aeruginosa, retain agglutinat-
ing activity and opsonizing potential. How-
ever, these antibody fragments are ineffec-
tive in promoting phagocytosis by alveolar
macrophages because the antibody cannot
attach to the Fc membrane receptor of the
macrophage and initiate bacterial ingestion.
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Fic. 3. Distribution of radioactivity after intramuscular administration of '*I-labeled F(ab'), fragments of IgG
in serum and bronchial lavage fluid is shown for 21 days of observation. #I activity on the ordinate has been
corrected to total plasma volume and bronchial surface area. Each point represents an average value and the range

found.

The intravascular clearance of canine IgG
was similar to that previously reported for
gamma globulin. The calculated 7'/2 of 9.0
days for IgG in this study is comparable to
that of 7 (22) and 8 (23) days found in
earlier studies using dog gamma globulin.
The rate of clearance of dog IgM and
F(ab’), fragments have not been studied
previously. Studies with mouse (24) and hu-
man (25, 26) IgG have shown that the cata-
bolic rate of these proteins is directly pro-
portional to the concentration of IgG in
plasma, and that the Fc portion of the mole-
cule appears to be the structural configura-
tion critical for this concentration depend-
ent catabolism. In contrast, this require-
ment does not occur in the guinea pig (27).
Such factors affecting catabolism of dog IgG
are not known at present. The rapid cata-
bolic rate for human F(ab’), fragments of 5
hr (28) was not duplicated in our study, but
the T'/2 value of 4.3 days (Table I) is appre-
ciably shorter than for intact dog IgG.

Summary. Radiolabeled %I preparations
of canine IgG, IgM, and F(ab'), fragments
of IgG were injected intramuscularly into
normal dogs to quantitate the transfer of
immunoglobulins from the intravascular
space into the lower respiratory tract and to
observe the clearance of these proteins from

lung secretions. Respiratory fluids were
sampled by serial broncho-alveolar lavages
during a 3-4 week interval. Only a small
portion (0.15%) of the passively adminis-
tered IgG was recovered in respiratory spec-
imens indicating that minimal transfer of
humoral IgG occurs under normal condi-
tions.

Alteration of the IgG molecule by re-
moval of the Fc portion almost eliminates its
penetration into lung secretions. Further-
more, IgM, which is not a prominent com-
ponent of normal lung secretions, is not de-
tected in these secretions following passive
intramuscular injection.
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