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Abstract. The effect of vitamin A deficiency on biliary secretion of IgA was investigated. Rats 
used in this study were rendered vitamin A deficient following withdrawal of retinoic acid from 
the diet of retinoate-cycled animals. This procedure allows a precise control of both the onset of 
deficiency and dietary protein-energy input. Defective synthesis and transport of IgA antibodies 
into the bile was evident when vitamin A-deficient rats (A-) were immunized by injections of 
either Brucella abortus or sheep red blood cells directly into the Peyer's patches. Antibody titers 
in the bile of A- animals were significantly lower than those of A+ controls (P < 0.0 1). These A- 
rats also had significantly lower levels of total IgA in the bile compared with A+ controls 
(P < 0.05). Moreover, the transport of labeled rat IgA injected intravenously was adversely affected 
in these animals. These results, together with our previous report on the impaired intestinal 
antibody in A- rats, clearly indicate that vitamin A deficiency interferes with the transport of IgA 
antibodies into the bile of these animals. 0 1986 Society for Experimental Biology and Medicine. 

Different lines of evidence suggest that vi- 
tamin A deficiency is associated with defective 
natural and acquired host defense mechanisms 
(1, 2). Such an association may contribute to 
the increased incidence and severity of infec- 
tions, particularly those involving mucosal 
surfaces. Marked depletion of lymphocytes 
from the thymus and spleen has been noted 
(3, 4). Lymphopenia has also been observed, 
but such a defect is readily reversible following 
appropriate repletion with either vitamin A or 
its analogue (5-7). Moreover, the functions of 
these lymphocytes were also found to be im- 
paired. 

The mucosal immune system appears to be 
compromised in vitamin A deficiency (8). 
Several years earlier we noted that the secre- 
tory IgA (SIgA) levels in nasal washings of 
children with protein-calorie malnutrition, 
particularly in those complicated by vitamin 
A deficiency, were lower than in well-nour- 
ished controls (9). It was recently reported that 
the intestinal immune response of rats ren- 
dered vitamin A deficient by a cyclical retinoic 
acid supplementation-deprivation regime was 
impaired (10). In this study, the effect of vi- 
tamin A status on biliary secretion of IgA was 
investigated. The data obtained suggest that 
vitamin A deficiency also impairs biliary 
transport of IgA. 

Materials and Methods. Animals and diets. 
Male Wistar rats were obtained from the An- 
imal Center, Faculty of Science, Mahidol 

University. These animals were kept in indi- 
vidual stainless steel cages at approximately 
28°C with light provided 12 hr/day. They were 
rendered vitamin A deficient by the with- 
drawal of retinoic acid from the diet as pre- 
viously described ( 1 1, 12). Briefly, weanling 
rats were fed a vitamin A-free diet ad libitum 
for 3 weeks until the early weight plateau. 
Thereafter, the animals were fed a diet sup- 
plemented with and later lacking in 5 pg reti- 
noic acid (Eastman, Rochester, N.Y.) per gram 
of diet in at least four repeating 18- to 1 0-day 
cycles. These animals were then given a 
maintenance dose of 2 pg retinoic acid per 
gram of diet for 8-10 days or until they were 
to be used in the experiment when the retinoic 
acid would be ultimately withdrawn from the 
diet (To). Those animals selected to be vitamin 
A-sufficient (A') received a total of 1000 pg 
retinyl palmitate (K and K Laboratories, 
Plainview, N.Y.) (in safflower oil) in 500 pg 
split doses 2 days (T-2) and 1 day (T-I) before 
retinoic acid withdrawal. Those selected to be 
vitamin A-deficient (A-) received only the saf- 
flower oil. Thereafter, both groups of animals 
were tube-fed twice daily with stock 18% casein 
vitamin A-free diet (ICN, Nutritional Bio- 
chemicals, Cleveland, Ohio), with sucrose in 
place of starch until the end of the experiment. 
With this protocol, the animals receiving reti- 
nyl palmitate (A+) would have sufficient vi- 
tamin A reserve to last for several weeks, thus 
representing our control group, while those 
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receiving only the oil (A-) would become vi- 
tamin A deficient within 3-4 days following 
retinoic acid withdrawal (1 1). 

Collection of bile and blood. Food was with- 
held for at least 12 hr before specimens were 
collected. Pentobarbital sodium (Abbott Lab- 
oratories, Chicago, Ill.) was injected intraper- 
itoneally at a dose of 2.5-5.0 mg/100 g body 
weight depending on the vitamin A status of 
animals. The abdomen was then opened and 
the bile duct was cannulated. For most exper- 
iments bile was collected for approximately 2 
hr, after which the rat was exsanguinated from 
the abdominal aorta. The paired samples of 
serum and bile were stored at -20°C until an- 
alyzed. 

Administration of antigens. Abdomen of the 
animal was opened after deep ether anesthesia 
and injection was made into the Peyer’s 
patches. For primary immunization, 1 O8 sheep 
red blood cells (SRBC) or lo9 killed Brucella 
abortus (Ba) in a total volume of 50 p1 were 
injected into 3-5 patches. For study on sec- 
ondary response, lo5 SRBC or lo6 Ba were 
used for both priming and boostered injec- 
tions. Both lo5 SRBC and lo6 Ba when given 
without a booster were found to give unde- 
tectable or very low antibody titers (usually 
less than 1 :4) in the bile or serum of pellet-fed 
rats. 

Infusion of labeled IgA. Twelve days after 
the ultimate withdrawal of retinoic acid from 
the diet, both A+ and A- animals were injected 
intraperitoneally with pentobarbital sodium as 
indicated above. The femoral vein was can- 
nulated and subsequently injected with 0.5 ml 
of 1251-labeled IgA containing a total of 10 pCi. 
The abdomen was then opened and the bile 
duct was cannulated. Bile was collected at 30- 
min intervals during the next 2 hr and total 
radioactivity for each sample was counted di- 
rectly in a gamma spectrometer. 

Quantitation of immunoglobulins. The 
concentrations of biliary and serum IgA were 
determined by radial immunodiffusion ( 13) 
using specific rabbit antiserum to rat IgA pre- 
pared as described previously (10). Purified 
IgA used as primary standard was prepared 
from the IR-270 rat serum (kindly supplied 
by Dr. H. Bazin, University of Louvain, Bel- 
gium). 

Antibody assay. Agglutinating antibodies to 
SRBC and to Ba were titrated in microtiter 

plates by standard methods using doubling di- 
lutions in 25 pl of phosphate-buffered saline 
(PBS), pH 7.2. To prevent lysis of SRBC in 
some bile samples, bovine serum albumin 
(BSA) was added to all diluents to a final con- 
centration of 2%. 

Radiolabeling of immunoglobulin A. Rat 
IgA was purified from IR-270 serum by ion- 
exchange chromatography and gel filtration 
(10). The purified preparation was traced la- 
beled with 1251 (Amersham, Buckinghamshire, 
England) by the chloramine-T method (14). 
Prior to being used, the labeled IgA was re- 
chromatographed on a Sephadex G-200 col- 
umn and concentrated with Sephadex G-25. 
The specific activity of the labeled IgA was 1.6 
pCi/pg protein; about 90% of the radioactivity 
was TCA precipitable. 

Other techniques. Total protein in the bile 
and serum was quantitated by the Folin 
method (15) using human serum albumin 
(Pentex, Kankakee, Ill.) as standard. The con- 
centration of purified immunoglobulin was 
determined spectrophotometrically at 280 nm, 
using an Ei& ,,,,, value of 14 ( 16). 

Statistical analysis. The significance of dif- 
ferences between the mean values of different 
groups of animals was determined by the Stu- 
dent’s t test. A value of P < 0.05 was consid- 
ered to be significant. 

Results. Efect of vitamin A status on the 
immune responses to SRBC and B. abortus 
antigens. Immune responses to single or re- 
peated injections of SRBC (T dependent) and 
B. abortus (T independent) in vitamin A-de- 
ficient animals were compared with those in 
vitamin A-sufficient controls. To compare 
primary immune responses in these animals, 
the antigens were adminstered on Day 7 fol- 
lowing retinoic acid withdrawal (T,) and the 
bile and blood samples were collected 7 days 
after the injection (TI4). Results diagrammed 
in Fig. 1 show that vitamin A deficiency 
markedly depressed biliary antibodies to both 
antigens (P < 0.001). Similarly, serum anti- 
body to SRBC was significantly depressed in 
vitamin A-deficient animals (Fig. 1). On the 
other hand, the titers of serum antibody to Ba 
were the same for both groups of rats (Fig. 1). 
It should be noted that, for both antigens, the 
mean titer of antibody in the bile of A+ con- 
trols was significantly higher than that in the 
serum (P < 0.05). In contrast, for the A- group, 
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under Materials and Methods. Both groups of 
animals were then boostered 8 days after the 

Ant1 - Ba 

1, 

Blle Serum Bile Serum 

FIG. 1. The titers of antibody in the bile and serum of 
A- (0) and A+ control (m) rats that received a single in- 
jection of either sheep red blood cells (SRBC) or killed B. 
abortus (Ba) in the Peyer's patches. Bars and lines represent 
means k SEM; the number at the base of each bar rep- 
resents the number of specimens analyzed. 

the mean antibody titer in the serum was sig- 
nificantly higher than in the bile (P < 0.01). 
These differences are more obvious when the 
paired bile-serum samples from individual 
animals are compared (Fig. 2). 

In order to study the effect of vitamin A 
deficiency on immunological memory to pre- 
viously exposed antigens, all animals were first 
primed with the antigen while they were on 
day 6 of the deprivation period of the last sup- 
plementation-deprivation cycle. At the end of 
the cycle (i.e., 4 days after priming) these an- 
imals were maintained on the minimal 2 pg 
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FIG. 2. The titers of antibody in the paired bile and 
serum samples from individual A- and A+ rats that re- 
ceived a single injection of either SRBC or Ba in the Peyer's 
patches. The <I on the scale denotes sample that failed 
to give detectable reaction at a dilution of 1:2. 

ultimate withdrawal of retinoic acid from the 
diet (Ts; 20-22 days after priming) and sam- 
ples were collected 7 days later on Day 14. 
Results presented in Fig. 3 again show that 
vitamin A deficiency significantly depressed 
biliary secretion of antibody to both antigens 
(P < 0.001). However, unlike the primary re- 
sponses, the titers of serum antibody to both 
antigens were not significantly affected by vi- 
tamin A status of the animals (Fig. 3). As in 
the primary immune responses, the titers of 
serum antibody to both antigens were always 
higher than the corresponding biliary antibody 
for all A- rats (Fig. 4). However, when the 
paired bile-serum samples from individual A+ 
animals were compared, the results seen with 
the boostered response were different from 
those of the primary response. Less than 50% 
of At rats had higher biliary antibody titers 
following a boostered injection in comparison 
with almost 100% of A+ animals in the pri- 
mary response (Fig. 2 vs Fig. 4). 

Eflect of vitamin A status on biliary secretion 
of IgA. Because the predominant class of im- 
munoglobulin and antibody in the bile of rats 
is IgA (1 7, 18), the effect of vitamin A defi- 
ciency on biliary secretion of this immuno- 
globulin isotype was investigated. The results 
presented in Table I and Figure 5 clearly 

Anti - SRBC Anti -Bo 

FIG. 3. The titers of antibody in the bile and serum of 
A- (0) and A+ control (m) rats that received a suboptimal 
dose-boostered injection of either SRBC or Ba in the Pey- 
er's patches. Bars and lines represent means f SEM; num- 
ber at the base of each bar represents the number of spec- 
imens analyzed. 
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FIG. 4. The titers of antibody in the paired bile and 
serum samples from individual A- and A+ rats that re- 
ceived a boostered injection of suboptimal doses of either 
SRBC or Ba in the Peyer's patches. The < 1  on the scale 
denotes sample that failed to give detectable reaction at a 
dilution of 1:2. 

showed that vitamin A deficiency significantly 
depressed biliary secretion of IgA in the ani- 
mals. There was a marked increase in IgA se- 
cretion into the bile following retinyl palmitate 
supplement, reaching a mean maximum level 
of 946 pg/ml (Table I) or 19% of total protein 
(Fig. 5) 12 days after supplementation. Both 
the absolute and the relative concentrations 
of biliary IgA measured on T12 in the A+ an- 
imals were significantly higher than those 
measured on To. By contrast, there was no 
significant change in the concentrations of bil- 
iary IgA of the A- group. When a slight in- 
crease in total protein concentration in the bile 
of A- rats was taken into consideration, a 
gradual decline in the IgA secretion became 

obvious (Fig. 5). On T12, the mean relative 
concentrations of biliary IgA in both groups 
of animals were significantly (P < 0.05) dif- 
ferent from one another. 

A depressive effect of vitamin A deficiency 
on biliary secretion of IgA on T12 was con- 
firmed in an experiment using infused labeled 
rat IgA. The results presented in Fig. 6 showed 
that vitamin A-deficient animals had reduced 
capacity to transport IgA from blood circu- 
lation to bile, at least during the initial 2 hr of 
observation. During the 2-hr period, cumu- 
lative radioactivity in the bile of A+ rats was 
significantly higher (P < 0.0 1) than that of A- 
animals, which had their IgA transport re- 
duced to approximately two-thirds of the con- 
trols. It should be mentioned at this point that 
the magnitude of such a reduction is similar 
to that noted for total biliary IgA in these an- 
imals (Table I). 

Discussion. The results from the various 
experimental approaches used for this inves- 
tigation clearly demonstrate that there is an 
impaired secretion of IgA antibodies into the 
bile of vitamin A-deficient rats. These obser- 
vations complement our previous report 
demonstrating a defective intestinal immune 
response in these animals (10). These findings 
are not entirely unexpected as in rats, and to 
a lesser extent in other animals and man, bile 
contributes a substantial proportion of the IgA 
found in intestinal fluid ( 17, 18). Impaired bil- 
iary transport of IgA has also been observed 
previously in rats with protein-energy mal- 
nutrition ( 19). Considered together we should 
expect to find a local immune defect to be 

TABLE I. EFFECT OF VITAMIN A DEFICIENCY ON BILIARY SECRETION OF IgA 

Bile 

Vitamin A No. of Days after retinoic Total protein IgA 
status animals acid withdrawal (mg/ml) Gg/ml) 

Control (A') 4 
4 
5 
7 

Deficient (A-) 4 
5 
7 
9 

0 
4 
8 

12 

0 
4 
8 

12 

5.99 f 2.72" 
5.42 f 0.45 
3.81 f 0.41 
4.93 f 0.35 

4.62 f 0.38 
6.97 f 1.41 
7.76 ? 1.93 
7.81 f 1.07 

453 f 85 
492 f 89 
501 f 61 
946 f 121 

498 f 18 
435 f 103 
545 k 114 
627 f 92 

" Mean ? SEM. 
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more severe if these deficiencies occur simul- 
taneously. In fact we previously demonstrated 
that the depressed secretory IgA levels in the 
nasal washings of children with protein-calorie 
malnutrition were reduced further in those 
complicated with vitamin A deficiency (9). 
Such a defect can and does result in an in- 
creased incidence and severity of infections 
that occur at the mucosal surfaces (1). 

The exact mechanism(s) of action of vita- 
min A in facilitating the transport of IgA from 
blood or glandular tissues to external secre- 
tions including bile remain to be determined. 
From its well-recognized action on somatic cell 
differentiation and synthesis of glycoproteins 
(20), it is possible that vitamin A deficiency 
interferes with the synthesis of secretory com- 
ponent required for such a transport. This gly- 
coprotein is synthesized and found on the 
membrane of epithelial cells and hepatocytes 
(21). We previously noted that the immuno- 
fluorescent staining for secretory component 
in the intestinal columnar cells of A- rats was 
less intense than that of the A' controls, 
particularly during the later stage of defi- 
ciency (10). 

24 r 
1 

Days after retinoic acid withdrawal 

FIG. 5. Biliary IgA levels (means k SEM) in vitamin 
A-deficient (Ap, 0) and control (A', 0)  rats, expressed as 
percentage of total biliary protein (A-, 0; A+, m; means 
k SEM). At T-2 , A+ controls were given retinyl palmitate, 
while A- animals received oil carrier alone. Retinoate 
control (M); see Materials and Methods for explanation. 
n = Number of animals in each group. 
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FIG. 6. Effect of vitamin A deficiency on the transport 
of intravenously injected I2%labeled rat IgA. The exper- 
iment was performed 12 days after the ultimate withdrawal 
of retinoic acid from the diet (TIZ) of vitamin A-deficient 
(A-, 0) and control (A+, m) rats. The results are expressed 
as means and SEM of four animals. 

In addition to a possible impairment of the 
transport of circulating IgA, evidence has been 
presented previously that vitamin A deficiency 
may affect recirculation and homing of lym- 
phocytes to the mucosal tissues (22). It is pos- 
sible to attribute these defects to an altered 
nature or distribution of glycoproteins on the 
lymphocyte membrane (23); the latter is 
known to be associated with lymphoid cell 
traffic (24). Changes in the membrane glyco- 
proteins of vitamin A-deficient rats can also 
alter lymphocyte-trapping mechanism(s) (25). 
And lastly, the possible adverse effect of such 
a deficiency on the antigen-presenting cells 
should not be overlooked. We have recently 
demonstrated that the reticuloendothelial cell 
function of these animals is defective, judging 
from their inefficient ability to clear bacteria 
from the circulation (12). It is not unrealistic 
therefore to predict that other macrophage 
functions, including antigen processing and 
handling, are also affected. An alteration of 
major histocompatibility antigens, which are 
also glycoprotein in nature, could also interfere 
with cell cooperation. These various possibil- 
ities are of considerable interest and should be 
further investigated. 

This work was supported in part by Mahidol University 
and Grant AM 11 367 from the National Institutes of 
Health. The authors are grateful to Dr. P. Billings, Faculty 
of Graduate Studies, Mahidol University, for his kind sug- 
gestions and criticism during the preparation of this 
manuscript. 



442 EFFECT OF VITAMIN A DEFICIENCY ON BILIARY IgA 

1. Scrimshaw NS, Taylor CE, Gordon JE. Interaction 
of Nutrition and Infection. WHO Monogr Ser No. 
57, 1968. 

2. Suskind RM. Malnutrition and the Immune Re- 
sponse. New York, Raven Press, p468, 1977. 

3. Bang BG, Bang FB, Foard MA. Lymphocyte depres- 
sion induced in chickens on diets deficient in vitamin 
A and other components. Amer J Pathol68: 147- 162, 
1972. 

4, Krishnan S, Bhuyan UN, Talwar GP, Ramalingas- 
wami V. Effect of vitamin A and protein-calorie un- 
dernutrition on immune responses. Immunology 7: 

5. Mark DA, Baliga BS, Suskind RM. All trans retinoic 
acid reverses immune-related hematological changes 
in the vitamin A deficient rat. Nutr Rep Int 28: 1245- 
1252, 1983. 

6. Nauss KM, Mark DA, Suskind RM. The effect of 
vitamin A deficiency on the in vitro cellular immune 
response of rats. J Nutr 109: 18 15- 1823, 1979. 

7. Puengtomwatanakul S, Verasertniyom 0, Ongsakul 
M, Lamb AJ, Sirisinha S. Effect of retinoic acid (RA) 
and retinyl palmitate (RP) repletion on lymphocytes 
of vitamin A deficient rats. Asian Pacific J Allergy 
Immunol3:67-72, 1985. 

8. Sirisinha S. Impaired local immune system in vitamin 
A deficiency. Asian Pacific J Allergy Immunol 1:81- 
83, 1983. 

9. Sirisinha S, Suskind R, Edelman R, Asvapaka C, Olson 
RE. Secretory and serum IgA in children with protein- 
calories malnutrition. Pediatrics 55: 166- 170, 1975. 

10. Sirisinha S, Darip MD, Moongkarndi P, Ongsakul M, 
Lamb AJ. Impaired local immune response in vitamin 
Adeficient rats. Clin Exp Immunol40: 127- 135, 1980. 

1 1. Anzano MA, Lamb AJ, Olson JA. Growth, appetite, 
sequence of pathological signs and survival following 
the induction of rapid, synchronous vitamin A defi- 
ciency in the rat. J Nutr 109:1419-1431, 1979. 

12. Ongsakul M, Sirisinha S, Lamb AJ. Impaired blood 
clearance of bacteria and phagocytic activity in vita- 
min A deficient rats. Proc SOC Exp Biol Med 178: 

13. Fahey JL, McKelvey EM. Quantitative determination 
of serum immunoglobulins in antibody-agar plates. 
J Immunol94:84-90, 1965. 

383-392, 1974. 

204-208, 1985. 

14. Sonada S, Schlamowitz M. Studies of '*'I trace labeling 
of immunoglobulin G by chloramine-T. Immuno- 
chemistry 7:885-898, 1970. 

15. Lowry OH, Rosenbrough NJ, Farr AI, Randall RS. 
Protein measurement with the Folin phenol reagent. 
J Biol Chem 193:265-275, 195 1. 

16. Heremans JF. Immunoglobulin A. In: Sela M, ed. 
The Antigens. New York, Academic Press, Vol 2: 

17. Andrew E, Hall JG. IgA antibodies in the bile of rats 
I. Some characteristics of the primary response. Im- 
munology 45:169-175, 1982. 

18. Lemaitre-Coelho I, Jackson GDF, Vaerman JP. Rat 
bile as a convenient source of secretory IgA and free 
secretory component. Eur J Immunol 8:588-590, 
1977. 

19. Shimura F, Shimura J, Hosoya N. Biliary immuno- 
globulins in protein-energy malnourished rats. J Nutr 
Sci Vitamin01 29:429-438, 1983. 

20. Zile MH, Cullum ME. The function of vitamin A: 
Current concepts. Proc SOC Exp Biol Med 172:139- 
152, 1983. 

21. Brandtzaeg P. Role of J chain and secretory compo- 
nent in receptor-mediated glandular and hepatic 
transport of immunoglobulins in man. Scand J Im- 
munol22:lll-145, 1985. 

22. McDermott MR, Mark DA, Befus AD, Baliga BS, 
Suskind RM, Bienenstock J. Impaired intestinal lo- 
calization of mesenteric lymphoblasts associated with 
vitamin A deficiency and protein-calorie malnutri- 
tion. Immunology 45: 1-5, 1982. 

23. Mark DA, Baliga BS, Suskind RM. Vitamin A defi- 
ciency and T-cell immunocompetence. Fed Proc 39: 
341, 1980. 

24. Hooghe RJ, Pink JRL. The role of carbohydrate in 
lymphoid cell traffic. Immunol Today 6: 180- 18 1, 
1985. 

25. Takagi H, Nakano K. The effect of vitamin A deple- 
tion on antigen-stimulated trapping of peripheral 
blood lymphocytes in local lymph nodes of rats. Im- 
munology 48:123-128, 1983. 

~~365-522 ,  1974. 

Received February 3, 1986. P.S.E.B.M. 1986, Vol. 182. 
Accepted April 18, 1986. 


