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Severe thermal injury is associated with bacterial sepsis; the
intestine is considered a likely source of invasive organisms. Be-
cause IgA antibody in bile accounts for much of the specific
immune defense of the upper intestinal tract in the rat, the effect
of thermal injury on the quantity of IgA protein in bile was ex-
amined. Sprague-Dawley rats received a 20% to 30% body surface
area burn under anesthesia. Eighteen hours later the common
bile duct was cannulated and bile was collected for three hours.
Total IgA protein in bile decreased 90% after thermal injury.
The bile volume, the concentration of bile protein, and free se-
cretory component did not change significantly. Although blood
flow to the liver 18 hours after thermal injury was not changed,
there was a significant reduction in total IgA concentration in
the circulation; both monomeric (m-IgA) and polymeric IgA (p-
IgA) were decreased. This finding may explain, in part, the re-
duced concentration ofIgA protein in bile. Although not examined
in this study, decreased local hepatic synthesis and/or transport
of p-IgA across the hepatocyte may also contribute to the reduced
IgA levels in bile.

D ~ESPITE THE INTRODUCTION OF effective anti-
microbial agents, bacterial sepsis remains an
important cause of morbidity associated with

severe thermal injury.' Although the damaged skin has
been identified as the primary source of bacteremia,2 the
gastrointestinal tract has also been implicated as a poten-
tial source.3 Translocation of bacteria across the
intestine34 after burn injury has been demonstrated in
animals. Translocation can be enhanced by disturbance
of the indigenous gastrointestinal microflora, impaired
systemic immune defenses, and physical disruption ofthe
mucosal barrier.58 The normal intestinal barrier depends
on specific (IgA antibody)9"0 as well as nonspecific factors
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(gastric acidity, motility, mucus, digestive enzymes, and
normal bacterial flora)." A loss of one of these compo-
nents ofthe barrier may facilitate translocation ofbacteria
from the intestine into the circulation.

In the rat, IgA delivered to the intestine via bile accounts
for 90% of the upper intestinal IgA protein.'2 The poly-
meric IgA protein in the blood is transported across the
hepatocyte or bile duct cells via receptor-mediated (se-
cretory component) endocytosis, is exocytosed as secretory
IgA (s-IgA) into bile canaliculi, and carried into the upper
small intestine via the bile duct system.'0-'6 For normal
transport to occur, circulating and locally synthesized p-
IgA must be available'7" 8 and the hepatocyte p-IgA trans-
fer mechanism must be functional. In this study, we ex-
amined the transport ofIgA protein into bile after thermal
injury to assess whether this component of specific im-
mune defense of the intestine was compromised.

Materials and Methods

Animal Model

Female CD-1 rats (Charles River Breeding Lab, Wil-
mington, MA) weighing 160 to 190 gm were subjected to
cutaneous thermal injury by a modification'9 of the
method ofWalker and Mason.20 After induction of anes-
thesia (Brevital, Eli Lilly, Indianapolis, IN; 50 mg/kg body
weight), the backs of the rats were shaved. The rats were
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placed in a plastic mold and approximately 20% ofbody
surface area was exposed to boiling water for 15 seconds.
The rats were then given an intraperitoneal (IP) injection
of saline (50 ml/kg body weight), placed in individual
metal cages, and given free access to water. Control rats
were anesthetized, shaved, given saline ip, and placed in
metal cages.

Bile Collection

Eighteen hours after the thermal injury, rats were anes-

thetized with ether. A midline laparotomy was performed
and the common bile duct was cannulated with PE-50
tubing (Clay Adams, Parsippany, NJ). Immediately after
surgery bile was collected in one-hour samples for three
hours. Bile was collected into borosilicate glass tubes
placed in ice 30 cm below the level of the animal. Light
ether anesthesia was maintained during the three-hour
collection period. Bile was frozen at -20 C before assay.

Measurement of Total IgA Protein and Free Secretory
Component (FSC)

Total IgA protein in serum and bile and free secretory
component were measured by radioimmunoassay (RIA)
using double antibody precipitation techniques according
to the methods of Sullivan and Allansmith2' and Sullivan
and Wira.22 Rat reference serum (Miles Laboratories,
Elkhart, IN) containing both monomeric and polymeric
IgA protein and purified rat SC were used as standards.
Purified rat secretory IgA and purified rat SC were iodin-
ated with Na'251 (New England Nuclear, Boston, MA)
using lodogen (Pierce Biomedical, Rockford, IL). For the
assay, "first" antibodies consisted of goat anti-rat IgA
(Miles Laboratories) or rabbit anti-rat SC. The "second"
antibodies, rabbit anti-goat IgG and goat anti-rabbit IgG
(Miles Laboratories) were used with the appropriate first
antibody. Addition of bile from burn or control animals
did not interfere with the measurement oftotal IgA protein
in serum in our assay.

Measurement of Total Protein in Serum and Bile

Protein determinations in bile and serum were per-
formed by the Hartree assay.23 Bovine serum albumin
was used as the standard.

Characterization ofIgA Protein in Serum and Bile by Bio-
Gel Al.5 Gel Permeation

The molecular size of IgA protein in serum or bile was
estimated by gel permeation using a Bio-Gel A 1.5 (Bio-
Rad, Richmond, CA) column (1.5 cm X 80 cm); the total
IgA content ofthe eluted fractions was estimated by RIA.
One milliliter ofserum or bile pooled from 3 experimental

or 3 control animals was applied to the column and eluted
with phosphate-buffered saline (0.01M phosphate, 0.1 5M
NaCl, 0.05% azide, pH 7.4); 2.8-ml fractions were col-
lected. The column was calibrated with Dextran Blue 2000
(DB, M, [relative molecular mass] 1-2 X 106, Pharmacia,
Piscataway, NJ), bovine thyroglobulin Type I (TBG, Mr
6.6 X 105, Sigma, St. Louis, MO), bovine gamma globulin
(BGG, Mr 1.6 X 105, Sigma, St. Louis, MO) Vitamin B12
(B12, Mr 1.4 X 103, Sigma, St. Louis, MO). IgA concen-

tration in serum or bile was plotted versus elution volume.
The percentage ofIgA protein in each peak was estimated
by cutting out and weighing the peaks.

Assessment ofHepatic Blood Flow

Radiolabelled microspheres were used to measure car-
diac output (CO) and regional distribution ofblood flow.
Cannulas (PE-50) were inserted surgically into the left
ventricle via the carotid artery and into the femoral artery.
Incisions were closed and the animals were allowed to
recover from anesthesia. The rats were placed in a re-

straining cage. Microspheres (15 ± 0.1 microns in di-
ameter), labelled with cesium-141 ("4'Ce) (New England
Nuclear) were used according to reported methods.2426
A 0.5 ml suspension ofmicrospheres (400 spheres/g body
weight) was injected into the left ventricle over a period
of 20 seconds. Simultaneously a reference blood sample
was obtained in a heparin-containing syringe from the
femoral artery by a syringe pump at 0.57 ml/minute (5.7
ml total). After completing the microsphere injection, the
carotid cannula was flushed with warmed normal saline
at a rate equal to the reference sampling. After ten min-
utes, the animals were killed by an intra-arterial injection
of KCI. Liver, small intestine, and colon samples were
obtained, rinsed with saline, blotted, weighed, and placed
in scintillation vials. Radioactivity was determined in a

Compu Gamma 1282 (LKB Instruments, Gaithers-
burg, MD).

Calculation of the cardiac output (CO) in ml/min/kg
body weight were determined as follows:

counts per minute injected

CO =
sample

counts per minute in reference sample
X body weight

(1)

Organ blood flow (OBF) in ml/min/kg body weight
was calculated from the formula

OBF = counts per minute in organ x CO
counts per minute injected (2)

(The liver blood flow was considered to be the sum of
splanchnic blood flow and hepatic artery blood flow.)
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Statistical Analysis

The specific analysis for each data set is noted in the
text; analysis was performed using the Systat program
(Systat, Evanston, IL).

Results

Effect of Thermal-Injury on Total IgA Protein, Free Se-
cretory Component, and Total Protein in Bile

To evaluate the effect of thermal injury on biliary IgA
protein content, bile was collected 18 hours after burn
treatment in one-hour samples for three hours. As shown
in Figure 1, the total IgA protein was decreased six to
seven times (p < 0.001, ANOVA for repeated measures)
in each one-hour sample. Biliary IgA protein concentra-
tion was also decreased sixfold after thermal injury; the
difference in concentration of IgA in thermally injured
compared to sham-treated rats was significant (p < 0.001)
(Table 1). In contrast, no significant differences were noted
in the concentration of total protein, free secretory com-
ponent, or bile volume of thermally injured compared to
the sham-treated groups.
The molecular size ofIgA protein in bile was examined

by gel permeation using a Bio-Gel A 1.5 column. The IgA
protein in sham-treated animals eluted predominately as
a polymer with a molecular size greater than Mr 160,000
(Fig. 2). After thermal injury, the major peak was reduced
> 88% (results observed in two experiments each involving
three thermally injured and three control rats.)

Effect of Thermal Injury on Circulating IgA Protein

Because transfer of IgA protein into bile depends, in
part, on the amount of IgA protein transported to the
liver via the circulation, the concentration of IgA protein
in the circulation was measured. After thermal injury, a
significant (p < 0.001 t-test for independent groups) de-
crease in total serum protein and in serum IgA concen-
tration was noted (Table 2).

Because IgA protein transport from the circulation into
bile involves primarily polymeric IgA, the molecular size
of IgA protein in the circulation was examined after burn
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FIG. 1. IgA protein content ofbile obtained 18 hours after thermal injury
(n = 5) and sham treatment (n = 5). Bile was collected for three hours
after common bile duct cannulation. Bars: Mean ± SEM. There is sig-
nificantly less IgA protein in bile of thermally injured compared to sham-
treated rats (p < 0.001 for treatment effect determined by ANOVA for
repeated measures).

injury. A large decrease (59%) in monomeric IgA and a
smaller (20%) decrease in polymeric IgA was noted
(Fig. 3).

Assessment ofHepatic Blood Flow After Thermal Injury

Transport of p-IgA protein to the liver via the circu-
lation is dependent on blood flow to the liver and con-
centration of p-IgA in the blood. Hepatic blood flow, as
determined using radiolabelled microspheres, was cal-
culated from cardiac output and the sum of radioactive
microspheres trapped in the liver (representing arterial
hepatic flow) and the splanchnic bed (representing portal
vein flow) as described in Materials and Methods. No
change was found in hepatic blood flow of thermally in-
jured (28.2 ml/min/kg) compared to sham-treated rats
(28.4 ml/min/kg) 18 hours after thermal injury.

Discussion

We have demonstrated a 75% to 90% reduction in both
the amount and concentration of IgA protein secreted in
bile 18 hours after thermal injury in the rat. The possibility

TABLE 1. Characterization ofBilefrom Thermally Injured and Sham-Treated Sprague-Dawley Rats

Total IgA IgA Conc. Protein Conc.t FSC Conc.t Bile Volume
(.ug/hr) (.Ug/ml) (mg/ml) (AgIml) (.ul/hr)

Thermally injured
(n = 12) 37 ± 9* 122 ± 16 5.2 ± 0.8* 74 ± 16 279 ± 37

Sham-treated 223 ± 26 693 ± 52 5.2 ± 0.3 61 ± 5 321 ± 28
(n = 11) p <.001 p <.001 NSt NSt NSt
* Mean ± SEM.
t FSC, Free secretory component; n = 8 in both thermally injured

and sham-treated groups.

t Not significant.
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FIG. 2. Characterization ofIgA protein in the bile from thermally injured
and sham-treated rats by Bio-Gel Al .5 permeation. The gel column ( 1.5
cm X 80 cm) was eluted with PBS; 2.8-ml fractions were collected. Each
fraction was examined by RIA for IgA protein. Column calibration
markers included Dextran Blue 2000 (DB, Mr 1-2 X 106), thyroglobulin
(TGB, Mr 6.6 X 105), bovine gamma globulin (BGG, Mr 1.6 X 105), and
Vitamin B12 (B12, Mr 1.4 X 103). The concentration of polymeric IgA
protein in bile (large peak, outlined by solid dots, eluting in the position
between the Dextran Blue and thyroglobulin markers) decreased 2 88%
after thermal injury (small peak outlined by open circles).

that an artifact in the IgA protein assay might account
for the differences observed was considered. After the ad-
dition ofknown amounts ofIgA protein to bile from ther-
mally-injured and normal rats, the predicted amounts of
IgA protein were found in both cases (data not shown).
The total protein concentration in bile from thermally
injured and sham-treated rats was not different, suggesting
that the mechanism(s) responsible for the large reduction
in biliary IgA protein was specific for this protein. The
change in biliary IgA also appears independent ofthe bile
volume; therefore the change in IgA content of bile is
unlikely to be related to factors that alter bile vol-
ume.J2729 Kloppel30,3' suggested that brief periods of bile
duct stasis induced by collecting bile from a cannula
placed above the level ofthe animal, or by briefly clamping
the common bile duct, can disrupt normal transport of
IgA protein into bile. Although the bile duct might have
briefly obstructed during insertion of the cannula, both

TABLE 2. Characterization ofSerum from Thermally Injured and
Sham-Treated Sprague-Dawley Rats

IgA Protein
(zg/ml) (mg/ml)

Thermally injured 75 ± 5* 59 ± 2
(N =9) (N =6)

Sham-treated 132 ±8 76 3
(N =9) (N =6)
p<.OOl p<.OOl

* Mean ± SEM.
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FIG. 3. Characterization of IgA protein in a serum pool from three ther-
mally injured and three sham-treated rats. The Al.5 gel permeation col-
umn (1.5 cm X 80 cm) was eluted with PBS; 2.8-ml fractions were col-
lected. Each fraction was examined by RIA for IgA protein. The cali-
bration markers included Dextran Blue (DB, Mr 1-2 X 106), thyroglobulin
(TBG, Mr 6.6 X 101), and bovine gamma globulin (BGG, M, 1.6 X 105).
Serum from both sham-treated (closed circles) and thermally injured
rats (open circles) show two peaks of IgA protein; the first ofthese consists
of polymeric IgA (eluting between the Dextran Blue and thyroglobulin
markers) and the second of monomeric IgA protein (eluting near the
BGG markers). After thermal injury, there was a major decrease in mo-
nomeric IgA and a minor decrease in polymeric IgA protein of serum.

the experimental and sham-treated groups had identical
surgery and bile was collected via a cannula placed below
the level of the animals throughout the experiment.

Secretion ofIgA protein into bile depends on the supply
of polymeric IgA presented to the hepatocyte or bile duct
cell, and the capacity ofthese cells to bind polymeric IgA
to secretory component on the sinusoidal surface, to
transport the SC-pIgA complex across the cell within a

vesicle, and to release the SC-pIgA complex into bile.32
Supply of p-IgA to the hepatocyte and bile duct cells is
dependent on p-IgA delivered via the circulation and p-

IgA synthesized locally within the liver.'7"8 In this report,
we examined delivery from the circulation. Delivery of
p-IgA depends on blood flow to the liver, normal perfusion
of hepatocytes within the liver, and the concentration of
p-IgA in the plasma. Blood flow to the liver was measured
using radioactive microspheres. The total blood flow to
the liver appeared normal 18 hours after injury, although
we could not define the distribution of flow within the
liver by this technique. Total IgA protein in serum was

decreased. Because only the polymeric form of IgA is ef-
fectively transferred into bile, it was important to examine
the effect of burn injury on this molecular species. The
polymeric IgA was decreased approximately 20%; mo-

nomeric IgA showed a greater change (a 59% decrease).
Differences in the effect of thermal injury on plasma cell
populations producing p-IgA or m-IgA, or differences in
the effect ofthermal injury on the rate or sites ofclearance
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of these two molecular species may account for the ob-
served differences in concentration ofIgA molecules. The
supply of p-IgA available for transport into bile may also
depend on local production of p-IgA within the liver.'7
Local production may be affected by thermal injury, but
this possibility was not examined in our study.

In the present study, we have defined one factor, a re-
duction in blood level of p-IgA, that may be responsible
for the decreased IgA level of bile in thermally injured
rats. It will be necessary to examine local synthesis of p-
IgA within the liver and the hepatic transport of p-IgA to
evaluate the contribution of these factors to the reduced
p-IgA content of bile. Reduced delivery of IgA antibodies
via the bile may be involved in the altered immune defense
of the gut of the burned animal.

Acknowledgments

We thank Dr. B. Underdown for providing purified rat secretory com-
ponent and Dr. J. P. Vaerman for providing purified rat secretory IgA.
Dr. C.R. Wira and Dr. B. Underdown kindly provided goat and rabbit
anti-rat secretory component. We thank Suzzette McCarron for manu-
script preparation.

References

1. Curreri P, Lutterman A, Braun D, et al. Analysis of survival and
hospitalization time for 937 patients. Ann Surg 1980;192:472-
476.

2. Hartford C. The bequests of Moncrief and Moyer, an appraisal of
topical therapy ofbums. American Burn Association Presidential
Address. J Trauma 1981;21:827-834.

3. Deitch E, Berg R. Bacterial translocation from the gut: a mechanism
of infection. J Bum Care Rehabil 1987;8:475-482.

4. Maejima K, Deitch EB. Bacterial translocation from the gastroin-
testinal tracts of rats receiving thermal injury. Infect Immun
1984;43:6-10.

5. Berg R. Bacterial translocation from the gastrointestinal tracts of
mice receiving immunosuppressive chemotherapeutic agents.
Curr Microbiol 1983;8:285-292.

6. Berg R. Inhibition of Escherichia coli translocation from the gas-
trointestinal tract by normal cecal flora in gnotobiotic or anti-
biotic-decontaminated mice. Infect Immun 1980;29: 1073-1081.

7. Owens W, Berg R. Bacterial translocation from the gastrointestinal
tract of athymic (nu/nu) mice. Infect Immun 1980;27:461-467.

8. Morehouse J, Specian R, Steward J, et al. Promotion of the trans-
location of indigenous bacteria of mice from GI tract by oral
ricinoleic acid. Gastroenterology 1986;91:673-682.

9. Mestecky J, Russell M, Jackson S, Brown, T. The human IgA system:
a reassessment. Clin Immunol and Immunopathol 1986;40: 104-
114.

10. Underdown B. Immunoglobulin A: strategic defense initiative at the
mucosal surface. Ann Rev Immunol. 1986;4:389-414.

11. Walker WA. Host defense mechanism in the gastrointestinal tract.
Pediatrics 1976;57(6):827-998.

12. Lemaitre-Coelho I, Jackson G, Vaerman J. Relevance ofbiliary IgA
antibodies in rat intestinal immunity. Scand J Immunol 1978;8:
459-463.

13. Orlans E, Peppard J, Reynolds J, Hall J. Rapid active transport of
immunoglobulin A from blood to bile. J Exp Med 1978;147:
588-592.

14. Birbeck M, Cartwright P, Hall J, et al. The transport by hepatocytes
of immunoglobulin A from blood to bile visualized by autora-
diography and electron microscopy. Immunology 1978;34:477-
484.

15. Fisher M, Nagy B, Bazin H, Underdown B. Biliary transport of IgA:
Role of secretory component. Proc Natl Acad Sci USA 1979;76:
2008-2012.

16. Jackson G, Lemaitre-Coelho I, Vaerman J, et al. Rapid disappearance
from serum of intravenously injected rat myeloma IgA and its
secretion into bile. Eur J Immunol 1978;8: 123-126.

17. Altorfer J, Hardesty S, Scott J, Jones A. Specific antibody synthesis
and biliary secretion by the rat liver after intestinal immunization
with cholera toxin. Gastroenterology 1987;93:539-549.

18. Manning R, Walker P, Carter L, et al. Studies on the origins of
biliary immunoglobulins in rats. Gastroenterology 1984;87: 173-
179.

19. Carter E, Udall J, Kirkham S, Walker WA. Thermal injury and
gastrointestinal function. I. Small intestinal nutrient absorption
and DNA synthesis. J Burn Care Rehabil 1986;7:469-474.

20. Walker H, Mason, A. A standard animal burn. J Trauma 1968;8:
1049-1051.

21. Sullivan D, Allansmith M. Source ofIgA in tears of rats. Immunology
1984;53:791-799.

22. Sullivan D, Wira C. Variations in free secretory component levels
in mucosal secretions of the rat. J Immunology 1983; 130: 1330-
1335.

23. Hartree EF. Determination of protein: a modification of the Lowry
method that gives a linear photometric response. Anal Biochem
1972;48:422-427.

24. Carmichael F, Saldivia V, Israel Y, et al. Ethanol-induced increase
in portal hepatic blood flow: interference by anesthetic agents.
Hepatology 1987;7:89-94.

25. Hernandez L, Kviety P, Granger D. Postprandial hemodynamics in
the conscious rat. Am J Physiol 1976;251 :G1 17.

26. Malik A, Kaplan J, Saba T. Reference sample method for cardiac
output and regional blood flow determinations in the rat. J Appl
Physiol 1976;40:472-475.

27. Blitzer B, Boyer J. Cellular mechanisms of bile formation. Gastro-
enterology 1982;82:346-357.

28. Erlinger S. Bile secretion: current views and controversies. Hepatology
1981;1:352-359.

29. Hardison W, Wood C. Importance of bicarbonate in bile salt in-
dependent fraction of bile flow. Am J Physiol 1978;235:E158-
E164-E165.

30. Kloppel TM, Hoops TC, Brown WR. Advances in the cellular
mechanisms of secretory component synthesis and secretion and
the transport of IgA. Adv Exp Med Biol 1987;216B:1061-1069.

31. Kloppel TM, Hoops TC, Gaskin D, Le M. Uncoupling of the se-
cretory pathways for IgA and secretory component by cholestasis.
Am J Physiol 1987;253:G232-G240.

32. Takahashi I, Nakane P, Brown W. Ultrastructural events in the
translocation of polymeric IgA by rat hepatocytes. J Immunology
1982;128:1181-1187.


