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Abstract

Simultaneous zinc and vitamin A deficiency are common health problems in developing countries. 
The objective of this study was to assess the effect of vitamin A- and zinc-deficient diet on immunoglob-
ulin A (IgA) response. Six-week-old mice were assigned into two groups receiving a normal vitamin 
A and zinc or low vitamin A and zinc diet for five months. Serum and intestinal mucosa IgA levels were 
determined by the enzyme-linked immunosorbent assay method. The concentration of zinc in serum was 
determined using an inductively coupled plasma mass spectrometer. Vitamin A measurement in serum 
was carried out by high performance liquid chromatography. Mice maintained on a low vitamin A and 
zinc diet showed significantly greater food intake but lower production of IgA both in serum and mu-
cosa. A mucosa IgA level was significantly higher in both control and deficient groups than the serum 
IgA level. Results indicated that zinc and vitamin A deficiency is associated with a lower production of 
IgA. Micronutrient intervention strategies addressing IgA-related gastrointestinal infections are needed.
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Introduction
Immunoglobulin A (IgA), the most abundant immu-

noglobulin isotype in the body, exists in two isotypes, cir-
culating monomeric IgA (IgA1) and secretory polymeric 
IgA (IgA2). IgA1 predominates in serum (~80%), whereas 
IgA2, called secretory IgA (sIgA), is the main immuno-
globulin found in mucous secretions including the gas-
trointestinal tract, which plays a critical role in mucosal 
immunity [1, 2]. Secretory IgA has long been recognized 
as a first line of defense in mucosal secretions of the re-
spiratory tract, gastrointestinal and genitourinary system. 
Although the exact role of IgA in a cluster of systemic 
immune responsiveness to exogenous and endogenous an-
tigenic components have not been fully clarified, decreased 
or absent IgA has been considered as a clinically signifi-
cant immunodeficiency [3, 4]. Most of IgA-deficient in-
dividuals appear to be clinically asymptomatic. However, 
a common problem in IgA deficiency is susceptibility to 
infections with the incidence of recurrent mucosal infec-
tious diseases. In patients with selective IgA deficiency, 
recurrent otitis, upper respiratory tract infections and pneu-
monia are the most common infections [5]. Gastrointesti-
nal infections and chronic diarrhea have been seen in some 
patients [5, 6].

Primary IgA deficiency is the most frequent immuno-
globulin deficiency syndrome. From the epidemiological 
point of view, there is a wide variation in prevalence of 
disease. The lowest prevalence has been reported in East 
Asian countries while the highest frequency has been 
observed in Caucasians which is around one in 500 [7]. 
Although no clear speculation has been proposed for this 
wide global distribution of the disease, ethnic background 
has been proposed as one of the influential factors. Also, 
it has been suggested that regulatory signaling of muco-
sal immunity is strongly correlated with nutritional fac-
tors such as lipids, proteins, and micro and trace nutrients, 
which are critical cofactors for these signaling pathways 
[8-10]. It has been well documented that many nutrients 
specifically affect many aspects of the metabolic process 
which result in proper or improper shaping of both local 
and systemic immune responses [11].

Zinc and vitamin A are two nutritional factors that 
modulate many immune responses by regulating antibody 
synthesis and secretion [12, 13]. They also indirectly help 
body surface defenses by improving maintenance of mu-
cosal surfaces [14]. There is accumulative epidemiological 
evidence on concurrent deficiencies of vitamin A and zinc 
in many communities [15-17] where susceptibility of in-
fants and children to gastrointestinal infections is prevalent 
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[18, 19]. This is partly due to many metabolic interactions 
between zinc and vitamin A [20]. Besides, both nutrients 
are known to play a substantial role in the maintenance 
of gastrointestinal epithelium [21, 22]. Therefore, it is hy-
pothesized that IgA production may be influenced by de-
ficiencies of the nutrients. This paper aims to examine the 
association between dietary intake of zinc and vitamin A  
with the serum and mucosal level of IgA in an animal  
model.

Material and methods

Animals and husbandry

A well-controlled light-dark cycle, air temperature (20-
22°C) and relative humidity of 50-60% were maintained 
in the animal keeping laboratory. All animals had free ac-
cess to semi-purified experimental diet and distilled water 
throughout the experiment. The food was prepared every 
day roughly as dough pellets. Food intake was determined 
daily and body weights were recorded twice per week.

Experimental design and diets

Young adult, male, pathogen-free, ddY mice (N = 11, 
average weight 27-29 g) and aged 6 weeks were assigned 
into two control and deficient groups. The control group  
(n = 6) were fed a normal diet containing sufficient retinyl 
acetate, as vitamin A, and zinc (5000 IU vitamin A/kg, 60.2 
mg zinc/kg) and the deficient group (n = 5) maintained on 
a low vitamin A and zinc (550 IU vitamin A/kg supple-
mented in the form of retinyl acetate, 5.2 mg zinc/kg) diet, 
as the experimental group, for a period of five months. 
There was no difference in lipid, carbohydrate and protein 
content of the diets of groups. Also, mineral and vitamin 
content of diets was kept constant except for vitamin A and 
zinc as mentioned above. The diet contained per 100 gram:  
Casein: 20, Sugar: 22.4, α-Corn starch: 44.6, Soybean oil: 5,  
Cellulose: 2, Mineral mixture: 5 and Vitamin mixture: 1. 
Composition of the mineral mixture was as follows: CaH-
PO

4
: 14.56, NaCl: 4.66, Fe-citrate: 3.18, MgSO

4
: 7.17, 

MnSO
4
: 0.12, CuSO

4
: 0.03, KI: 0.01 g/100 g of mixture. 

The vitamin mixture contained vitamin D
3
: 0.25 mg, vi-

tamin E acetate: 500 mg, vitamin K
3
: 520 mg, vitamin B 

complex: 2.2 gram, vitamin C: 3 g and inositol: 600 mg 
per 100 g. The mineral and vitamin mixture were free of 
zinc and vitamin A, respectively. Zinc contamination was 
avoided by using deionized water and wearing polyeth-
ylene gloves for the preparation of animals’ diet.

Blood collection

At the end of the experiment, mice were killed under 
deep anesthesia with Nembutal (Dainippon Pharmaceutical 
Co., Ltd., Japan). The blood collected via cardiac puncture 
and sera was immediately collected after centrifugation at 
5000 g and stored in –20°C until used.

Preparation of intestinal mucosa extracts

Segments of jejunum intestine were precisely removed 
from the nearly 2 cm after stomach to the ileocecal valve. 
Mucosal piles were immediately weighed and maintained 
in 1 ml of cold phosphate buffer saline (PBS) and homoge-
nized with a digital Teflon homogenizer (AS ONE, model: 
AN, Japan) for 1 minute at 4000 g. After centrifugation for 
20 minutes at 4°C with the speed of 13 500 g, supernatants 
were used for IgA assessments.

Determination of serum and intestinal mucosa 
total immunoglobulin A

Serum and intestinal mucosa total IgA levels were de-
termined by enzyme-linked immunosorbent assay (ELISA) 
method using a mouse IgA ELISA quantitation kit (Bethyl 
Laboratories, Inc, TX, U.S.A) according to the manufactur-
er’s instructions. In brief, goat anti-mouse IgA-affinity puri-
fied antibody was dispensed in each well and incubated for 
an hour at room temperature. They were then washed with 
a wash solution containing 50 mM Tris, 0.14 M NaCl, 0.05% 
Tween 20 for three times. After blocking non specific bind-
ing sites and incubating for 30 minutes at room temperature, 
standards and samples were added and incubated for 60 min-
utes at room temperature. Horseradish peroxidase-conjugated 
Goat anti-mouse IgA was added to each well and incubated 
for 60 min at room temperature. Finally, after addition of 
an appropriate substrate, absorbance was read with ELISA 
reader (Corona Electric, MTP-32, Japan) at 450 nm.

Determination of serum zinc and retinol

The concentration of zinc in serum was determined 
using an inductively coupled plasma mass spectrometer 
(ICP-MS; model 8500, Shimadzu, Tokyo, Japan) as previ-
ously described [23]. Vitamin A measurement in serum was 
carried out by high performance liquid chromatography 
(HPLC) according to a method described previously [24] 
using a HPLC system (Shiseido Co. Ltd, Tokyo, Japan).

Statistics

Data were first checked for distribution using Kolm-
ogorov-Smirnov test. Statistical analysis was done using 
independent sample t-test. The data were analyzed using 
SPSS (version 11.5) and expressed as mean ± SD and con-
sidered significant at p < 0.05.

Results

Animal growth and food intake

As shown in Fig. 1, there were no significant differ-
ences in final body weights among two groups. Animals 
kept on a low vitamin A and zinc diet (deficient group) 
had significantly more (p < 0.05) food intake as compared 
to the controls.
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Serum and mucosal immunoglobulin A

As shown in Fig. 2, serum level of IgA significantly 
decreased in animals with a low vitamin A and zinc diet as 
compared to the control group. A remarkable reduction of 
mucosal IgA was observed in the deficient group as com-
pared to the control group.

Mucosa IgA levels were significantly greater (1.5 fold) 
either in control or deficient groups as compared to serum 
levels.

Levels of zinc and vitamin A in serum

As shown in Fig. 3, serum zinc concentration signifi-
cantly decreased (p < 0.05) in animals kept on a zinc and 
vitamin A deficient diet compared to those fed normal diet. 
Also, serum retinol concentration decreased remarkably  
(p = 0.05) in the deficient group as compared to the control 
group.

 Control          Deficient

Fig. 1. Mean ± SD of food intake and body weight of control (normal zinc and vitamin A) and deficient groups (low 
vitamin A and zinc). A single asterisk represents p < 0.05
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Fig. 2. Mean ± SD of IgA secreted by control (normal zinc 
and vitamin A) and deficient groups (low vitamin A and 
zinc). Single and double asterisks represent p < 0.05 and  
p < 0.01, respectively
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Fig. 3. Mean ± SD of A) serum retinol and B) serum zinc concentration by control (normal zinc and vitamin A) and 
deficient groups (low vitamin A and zinc). Single asterisk represents p < 0.05
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Discussion
The results of decades of work indicate that zinc and 

vitamin A deficiencies affect multiple aspects of innate 
and adaptive immunity. Zinc functions as an intracellular 
signal molecule for immune cells [25] and regulates gen-
eration of cytokines [26], several functions of lymphocytes 
[4], activation of T cells and natural killer cells, and more 
specifically cellular immunity [6]. In addition, zinc defi-
ciency in humans may result in thymic atrophy and lymph-
openia, which in turn hampers both cellular and humeral 
branches of immune response [27, 28]. Similar findings 
are evident on the effect of vitamin A deficiency on the 
ability of individual’s immune system to counteract patho-
gens. Moreover, this micronutrient is known to regulate 
antibody production via many pro and anti inflammatory 
modulators [29].

Mice fed the deficient diet revealed some clinical 
symptoms such as irritability and hair loss which was 
then replaced with sparse and coarse hair. The signs have 
been attributed to zinc deficiency (ZD) in previous stud-
ies [30] and represent that the deficient model has been 
established.

Mice receiving a low zinc and vitamin A diet showed 
a higher food intake with no difference in body weight as 
compared to the control group. Earlier investigations have 
defined anorexia as important signs for ZD [30, 31] and re-
ported less food intake, poor body weight gain for zinc-de-
ficient animals [30, 32]. However, anorexia which leads 
to failure in body weight gain has not been observed in 
mild to moderate ZD. In the present study, strict ZD could 
not been induced because casein used as source of protein 
contained at least 5.2 mg of zinc per kg of the diet. Some 
studies have shown that animals fed a low vitamin A diet 
had a significant reduction in body weight [33-35] and 
some others reported that vitamin A deficiency (VAD) did 
not influence longitudinal growth in mice [36, 37]. Several 
studies have also demonstrated that vitamin A-deficient 
rats had a significantly decreased food intake [35, 37]. On 
the other hand, it has been reported that mild to moderate 
zinc and vitamin A deprivation frequently produces an in-
creased food intake to compensate for a decreased food 
efficiency [38, 39] which is in good agreement with our 
observations.

Immunoglobulin A plays a critical role in mucosal im-
munity. The intestine is one of the tissues most sensitive 
to ZD and more susceptible to the effects of VAD. In the 
present study, we found a markedly reduced IgA level both 
in serum and mucosa of animals kept on a deficient diet. 
Flattening of villi, decreased numbers of crypts, inflam-
matory cell infiltration of the lamina propria and lesions of 
intestinal mucosa have been reported in both experimental 
animal and human ZD [40-42]. Nevertheless, to our best 
knowledge, there is no report to address effects of ZD on 
IgA production. On the other hand, vitamin A is known 

to be an important regulator for proliferation of epitheli-
al cells [43]. Accumulative reports are available showing 
that VAD results in reduction of IgA production [44, 45]. 
Therefore, the observed finding in the present study might 
be attributing to lack of vitamin A in the animals’ diet.

It was observed that intestinal mucosa IgA titer was 
greater by almost 1.5 fold than serum IgA. It has long been 
known that the mucosal immune system contains more than 
80% of all Ig-producing cells in the body, and the major 
product of these cells in normal individuals is IgA [46]. 
More IgA is produced in mucosal linings than all other types 
of antibody combined [47]. It has been estimated that every 
day three to five grams are secreted into the intestinal lumen 
[48]. It is worth noting that this accounts for 15% of the total 
immunoglobulin produced in the entire body [49, 50].

In summary, our findings indicate that concurrent defi-
ciency of zinc and vitamin A suppresses production of IgA 
and also intestinal mucosa IgA production is greater than 
serum which may point to the importance of mucosa IgA 
in the body defense system.

The authors declare no conflict of interest.
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