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Studies of the transport of polyclonal IgA antibody
from blood to bile in rats
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Summary. Bile or thoracic duct lymph, collected from
rats 7-9 days after suspensions of B. abortus, S. typhi
or SRBC had been injected into the Peyer's patches,
contained high titres of specific agglutinins. Samples
of these fluids were injected i.v. into unimmunized,
syngeneic recipients and the partitioning between
blood and bile of the injected antibodies was studied
and found to depend on the source and class of the
antibody. IgA antibodies from lymph plasma disap-
peared rapidly from the recipients' blood and half of
the dose was recovered in the bile within 2 h of its
injection. IgA antibodies which had been collected
from bile and so had previously traversed the liver and
acquired secretory component, appeared in the reci-
pients' bile much less rapidly so that less than half of
the dose entered the bile over a period of 40 h. Passi-
vely administered IgG antibodies did not enter the
recipients' bile to any significant extent and specific
haemolysins never appeared in the bile after either
passive or active immunization.

INTRODUCTION

Rat bile is a rich source of IgA (Lemaitre-Coelho,
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Jackson & Vaerman, 1977) because this immunoglo-
bulin is selectively and actively transported from
blood to bile (Orlans, Peppard, Reynolds & Hall,
1978; Jackson, Lemaitre-Coelho, Vaerman, Bazin &
Beckers, 1978) by the hepatocytes (Birbeck, Cart-
wright, Hall, Orlans & Peppard, 1979). It seems likely
that the process is initiated by polymeric IgA in the
blood uniting with secretory component (SC) which is
displayed on the sinusoidal surfaces ofthe hepatocytes
(Orlans, Peppard, Fry, Hinton & Mullock, 1979;
Fisher, Nagy, Bazin & Underdown, 1979). All these
experiments were based on the use of monoclonal
myeloma IgA and although there is circumstantial
evidence that polyclonal, IgA antibodies produced by
the gut-associated lymphoid tissue (GALT) have simi-
lar properties (Hall, Orlans, Reynolds, Dean, Pep-
pard, Gyure & Hobbs, 1979) we sought to verify this
by direct, passive transfer experiments.

It would be predicted from the above outline that
polymeric IgA antibodies that had not yet combined
with SC (e.g. those in intestinal and thus thoracic duct
lymph) would be transported across the liver much
more rapidly than similar antibodies that had already
united with SC (e.g. those in bile), and it was this
difference that was tested by experiments in vivo.

MATERIALS AND METHODS

General plan
Under general anaesthesia, cannulae were inserted
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into the common bile duct and one femoral vein of the
recipient rats which were then placed in Bollman res-
training cages. When the rats had recovered fully from
the anaesthesia, the test antibody present in either
lymph plasma or bile, was injected into the venous
cannula in a total volume of up to 1 5 ml. Thereafter,
samples of blood and bile were collected at appro-
priate intervals, the titre of the specific antibody being
measured by agglutination and its class by the binding
of '25I-labelled, class-specific antiglobulin reagents.

Animals and surgical techniques
Male, inbred Wistar rats between 10 and 12 weeks of
age were taken from our own barrier-maintained col-
ony as required. The details of the barbiturate anaes-
thesia and bile duct cannulation have been published
(Hall et al., 1979); thoracic duct lymph was obtained
from cannulated animals after the method of Bollman,
Cain & Grindlay, (1948).

Donor antisera
Rats were immunized by injecting the Peyer's patches
with suspensions of B. abortus or S. Typhi '0' (Well-
come Research Laboratories, Beckenham, Kent) or
washed sheep red cells (SRBC) obtained by percu-
taneous venepuncture, as described previously (Hall et
al., 1979). Between 7 and 9 days later bile or thoracic
duct lymph plasma, together with blood serum, was
collected from the immunized animals and stored
frozen pending assay and injection into recipient ani-
mals.

Antibody assay
Agglutinating antibodies to bacterial or SRBC were
titrated by standard methods using doubling dilutions
in 50 p1 volumes of phosphate-buffered saline in
round-bottomed microtitre plates.
The class of immunoglobulin binding to the target

antigen was determined by using 1251-labelled, affinity-
purified antiglobulin reagents as detailed previously
(Hall et al., 1979). The methods for immunodiffusion
and immunoelectrophoresis applicable to bile and
lymph, and the preparation ofmyeloma IgA have been
described (Orlans et al., 1978).

Detection of rat secretory component
The isolation from bile of normal polymeric IgA and
of free SC, together with the preparation and proper-
ties ofa rabbit antiserum to rat SC have been described
by Orlans et al. (1979) who also showed that normal
biliary IgA contained SC.

RESULTS

Forty recipient rats and a similar number of donors
were used in the experiments. In order to make direct
comparisons easier, the results shown in the graphs
below all came from experiments in which antibodies
directed against the somatic antigens of killed B.
abortus were measured.

Passive transfer of antibodies contained in thoracic duct
lymph plasma
Although thoracic duct lymph plasma from either
normal or actively immunized rats contained abun-
dant IgA (Orlans et al., 1978), it never reacted with the
anti-SC serum in immunodiffusion tests; bile, on the
other hand, always did. Lymph collected between 7
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Figure 1. The partitioning ofantibodies to B. abortus between
the blood and bile ofa recipient rat after passive transfer (i.v.)
at time zero of thoracic duct lymph plasma from an actively
immunized donor. The distribution of IgG2 and IgA anti-
bodies is shown in the upper graph. The isotypes were deter-
mined by absorbing the antibodies on to B. abortus
organisms and allowing them to react with class-specific
1251-labelled antiglobulin reagents. The results are expressed
in terms of the amounts of radioactivity (counts per second,
c.p.s.) that were bound by the washed, antibody-coated bac-
teria. The lower graph shows the titres of agglutinins that
appeared in the blood and bile of the recipient. IgA anti-
bodies never achieved a substantial level in the blood, being
conveyed rapidly to the bile at the same time as high titres of
agglutinating activity. IgG2 antibodies did not appear in the
bile in significant amounts, they remained in the blood and
presumably accounted for the agglutinating activity of the
serum.
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and 10 days after antigens had been injected into the
Peyer's patches contained high titres (up to 1: 64,000)
of specific agglutinins. The partitioning between blood
and bile of such material after intravenous injection is
shown in Fig. 1. Agglutinating activity started to
appear in the bile almost immediately and within 2 h
reached peak levels which declined to insignificant
levels by 5 h. By pooling the bile that had been col-
lected quantitatively during this 5 h period and com-
paring its agglutinating titre with that of the injected
material (diluted to the same volume) it was possible to
estimate the proportion of the injected dose of agglu-
tinating activity that had been recovered in the bile. In
different experiments the recovery varied between 25
and 100% of the injected dose. Allowing for the vari-
ance implicit in titration by doubling dilutions, this
suggest that half or more of the injected antibody was
transported rapidly to the bile. As in active immune
responses (Hall et al., 1979), all the agglutinins that
appeared in the bile were shown by antiglobulin tests
to be of the IgA class, while the agglutinins that per-
sisted in the blood could be accounted for by the IgG2
antibodies which, unlike those of the IgA class,
remained in that compartment.

Passive transfer of antibodies contained in bile
When bile containing agglutinating antibodies was
injected intravenously into unimmunized recipients,
the antibody activity partitioned between blood and
bile as shown in Fig. 2. Although the injected anti-
bodies were of the IgA class, they did not appear in the
bile as rapidly as IgA antibodies from thoracic duct
lymph; maximum levels were not attained until the
fifth hour and this level did not decline for 30-40 h, by
which time less than half of the injected dose of agglu-
tinating activity had been recovered.
An examination of the isotype distribution of the

agglutinins in the blood showed that the level of IgA
antibodies declined relatively slowly. It was evident
that the IgA antibodies that had previously undergone
secretion in the actively immunized donor, where they
would inevitably have acquired SC, were transported
from the blood to the bile of a passive recipient much
less rapidly than their SC-free analogues from the
thoracic duct lymph.

Control of non-specific effects of the intravenous injec-
tion of bile
The results of the above experiments are consistent
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Figure 2. The partitioning of antibodies to B. abortus between
blood and bile after the passive transfer (i.v.) of bile from an
actively immunized donor. As in Fig. I the isotype distribu-
tion is shown in the upper graph and the antibody titres are
shown in the lower one. Although the antibody activity was
virtually confined to immunoglobulin of the IgA class it did
not leave the blood and appear in the bile nearly as quickly as
did the SC-free IgA antibody from thoracic duct lymph,
shown in Fig. 1.

with the view that IgA antibodies undergo secretion
because they unite with SC on hepatocyfes (or entero-
cytes) and are inhibited from doing so if they have
previously combined with SC elsewhere. Nonetheless,
there are alternative possibilities; for example, the in-
travenous injection of a bolus of raw bile might
damage hepatic function and so delay the transport of
antibody into the bile. In order to exclude this possibi-
lity samples of thoracic duct lymph with high agglu-
tinin titres were mixed with normal bile before injec-
tion. This type of experiment presents difficulties; rat
bile contains free SC (Lemaitre-Coelho et al., 1978),
and this might unite spontaneously with IgA and so
perhaps delay its secretion. In order to elucidate the
situation, three different preparations ofantibody-rich
thoracic duct lymph were injected. The first comprised
0 5 ml of lymph and 1 0 ml of saline; the second
contained 0-5 ml oflymph mixed with 1 0 ml ofnormal
bile which had previously been incubated for 6 h at 200
with approximately 20 mg of polymeric myeloma IgA;
and the third contained 0-5 ml oflymph mixed with 1 0
ml of bile which had been similarly incubated with 20
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mg of normal rat serum proteins. Each mixture was
injected intravenously into a rat and the appearance of
agglutinins in the recipients' bile was monitored and
the results are shown in Fig. 3. The antibody activity in
the thoracic duct lymph mixed with saline or with bile
treated with an excess of myeloma IgA behaved nor-
mally, i.e. it was rapidly secreted in the recipients' bile.
Conversely, the antibodies in thoracic duct lymph
which had been mixed with bile in the presence of
normal serum (which contains little IgA) did not attain
a substantial titre in the recipient's bile during the 5 h
of the experiment. It was concluded that the myeloma
IgA that had been added to the bile had combined with
all the free SC so that the IgA antibodies in the lymph
reached the liver in their native state and were able to
unite with the SC on the hepatocytes. In the absence of
excess IgA, i.e. when only normal serum was added to
the bile, the free SC united with the lymph antibodies
and blocked their attachment to the hepatocytes, and
so prevented their rapid transport to the bile.

Experiments with other antigens.
Donor rats immunized with S. typhi 'O
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Figure 3. Agglutinin titres to B. abortus in the bil
intervals of 0 5 h for 5 h from rats which had rec
injection at time zero ofa preparation ofantibod
cic duct lymph. One rat ( ) received lymph
normal saline; one rat (-- -) received lymph mi)
that had been pre-incubated with myeloma IgA
(ooo) received lymph mixed with bile that had bx
bated with normal serum. Antibody activity in I
with either saline or bile treated with excess I&
ported to the bile in the normal, rapid way sho
Antibody activity in lymph mixed with normal s
contained insufficient IgA to bind all the free sei
ponent in the bile with which it was incubated) N

from entering the recipient's bile.

yielded body fluids containing agglutinins which
behaved like those to B. abortus in passive transfer
experiments. Although high titres of agglutinins to
SRBC appeared in the bile of both actively and passi-
vely immunized rats, specific haemolysins were never
detected in this fluid even though they were present in
the blood. This result was not caused by the inhibition
by bile ofcomplement-mediated lysis. The pre-incuba-
tion with bile for I h at 380 of either the immune serum
or the normal rat serum that was used as a source of
complement made no significant difference to the hae-
molysin titre. Presumably, this result reflects the fact
that IgA antibodies are unable to activate complement
(Heremans, 1974). Significant amounts of antibody
activity associated with IgM were not found in any of
the experiments.

DISCUSSION

In contrast to the IgG and IgM antibodies, which are
included inevitably in the ultrafiltrate of blood which
is the basic material for lymph formation, the intes-

or SRBC tinal (and thus thoracic duct) lymph contains IgA in
much higher concentrations than the blood (Orlans et
al., 1978). This IgA is produced in the GALT, and that
proportion of it that does not unite immediately with
the SC on the enterocytes must necessarily enter the
intestinal lymph (Hall, Orlans, Peppard & Reynolds,
1978). Our present results confirmed that the lymph-
borne IgA antibodies are not associated with SC, and
as soon as the blood conveyed them to the liver they
were able to undergo rapid active transport into the
bile, presumably because they united with the SC on
the surfaces of the hepatocytes. Thus, there is now a
considerable body of direct evidence that both monoc-
lonal and polyclonal IgA molecules behave in this way
in rats, and this mechanism is in general accord with
the concepts of IgA transport as recently reviewed by

lecollected at Brown (1978). However, the quantitative significance
ceived an i.v. of biliary IgA secretion in relation to the total amount
Iy-rich thora- of IgA that enters the gut is not known precisely.
mixed with Certainly, in rats, the bile can deliver at least 12 mg of

xed with bile IgA to the gut every day (Hall et al., 1979), and if one
een pre-incu- takes the simple view that the amount of IgA trans-
lymph mixed ported is related directly to the mass ofcells capable of
A was trans- doing so, then the liver must secrete more than the gut.
iwn in Fig. 1. On the other hand, the concentration ofIgA is lower in
serum (which the blood than in the interstitial fluid ofthe gut (Orlans,cretory corn-
was inhibited et al., 1978; Hall et al., 1978) and so the hepatocytes

may have less opportunity for transporting IgA than
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the enterocytes that overlie the plasma cells of the
lamina propria. The problem is not easy to resolve by
simple experiments; labelled IgA that is injected intra-
venously passes through the fenestrated endothelium
of the portal sinusoids so quickly that it is available to
the hepatocytes virtually immediately (Birbeck et al.,
1979) and is thus removed from the circulation before
it has a chance to diffuse into the extravascular com-
partment of the gut mucosa and reach the enterocytes.
On the basis of our current experiments we believe
that, in rats, bile is the major pathway for the delivery
of IgA antibodies to the gut. However, this may not be
true of other species, particularly those where the bile
contains significant amounts of antibodies of the IgG
classes; we have found this to be the case in sheep and
similar findings have been reported in man (Chodirker
& Tomasi, 1963) and primates (Keclik, Wolf, Felsen-
feld & Smetana, 1970). Although it seems likely that
bile may be an important pathway for the delivery of
immunoglobulins to the gut in many animals, only
further experiment will reveal the facts.

ACKNOWLEDGMENTS

We thank Dr Eva Orlans for helpful advice and discus-
sions as well as for the antiserum to rat secretory
component. Diane Dulake provided technical assist-
ance. The Institute of Cancer Research receives sup-
port from the Medical Research Council and Cancer
Research Campaign.

REFERENCES

BIRBECK M.S.C., CARTWRIGHT P.. HALL J.G., ORLANS E. &

PEPPARD J. (1979) The transport by hepatocytes of im-
munoglobulin A from blood to bile visualized by autora-
diography and electron microscopy. Immunology, 37,
477.

BOLLMAN J.L., CAIN J.C. & GRINDLAY J.H. (1948) Tech-
niques for the collection of lymph from the liver, small
intestine or thoracic duct of the rat. J. Lab. clin. Med. 33,
1349.

BROWN W.R. (1978) Relationships between immunoglobu-
lins and intestinal epithelium. Gastroenterology, 75, 129.

CHODIRKER W.B. & TOMASI T.B. (1963) Gamma-globulins:
quantitative relationships in human serum and non-vas-

cular fluids. Science, 142, 1080.
FISHER M.M., NAGY B., BAZIN H. & UNDERDOWN B.J. (1979)

Biliary transport of IgA: role of secretory component.
Proc. natn. Acad. Sci. (U.S.A.), 76, 2008.

HALL J., ORLANS E., PEPPARD J. & REYNOLDS J. (1978)
Lymphatic physiology and secretory immunity. Adv. exp.
Med. Biol. 107,29.

HALL J., ORLANS E., REYNOLDS, J., DEAN C., PEPPARD J.,
GYURE L. & HOBBS S. (1979) Occurrence of specific anti-
bodies of the IgA class in the bile of rats. Int. Archs
Allergy appl. Immun. 59, 75.

HEREMANS J.F. (1974) Immunoglobulin A. In: The Antigens,
vol. 2 (Ed. by M. Sela), p. 365. Academic Press, New
York.

JACKSON G.D.F., LEMAITRE-COELHO I., VAERMAN J.-P.,
BAZIN H. & BECKERS A. (1978) Rapid disappearance from
serum of intravenously injected rat myeloma IgA and its
secretion into bile. Europ. J. Immunol. 8, 123.

KECLIK M., WOLF R.H., FELSENFELD 0. & SMETANA H.F.
(1970) Immunoglobulins and antibodies in gall bladder
bile. Am. J. Gastroenterol. 54, 19.

LEMAITRE-COELHO I., JACKSON G.D.F. & VAERMAN J.-P.
(1977) Rat bile as a source of secretory IgA and free
secretory component. Europ. J. Immunol. 7, 588.

ORLANs E., PEPPARD J., REYNOLDS J. & HALL, J. (1978)
Rapid active transport of immunoglobulin A from blood
to bile. J. exp. Med. 147, 588.

ORLANS E., PEPPARD J., FRY J.F., HINTON R.H. & MULLOCK
B.M. (1979) Secretory component as the receptor for
polymeric IgA on rat hepatocytes. J. exp. Med. 150.


