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Abstract

ACKGROUND: Risk of acute respiratory
infections in children less than 5 years of age is
up to 95%. Zinc deficiency is one of the main risk
factors. This study aimed to explore the effect of zinc on
the bronchial mucosae inflammatory status expressed by
nuclear factor (NF)-κB p105/p50, NF-κB p65, interleukin
(IL)-8, and IL-1β.
METHODS: Twenty-four Wistar rats were divided into 4
groups: normal zinc diet group without zinc supplementation
(Z1), normal zinc diet group with zinc supplementation (Z2),
zinc deficient diet group without zinc supplementation (Z3),
and zinc deficient diet group with zinc supplementation
(Z4). NF-κB p105/p50, p-NF-κB p65, IL-8, and IL-1β were
measured by immunohistochemical staining.

Introduction

Child mortality due to acute respiratory infection (ARI)
reached 1.9 million in 2000, with the highest levels seen
in developing countries, particularly in children under 5
years old. In the developing countries, this age group has
the highest risk of death from ARI, reaching as high as
95%.(1) The Basic Health Research conducted in Indonesia
states that the national prevalence of overall ARI reached
25.50%. While in the group of infants and children younger
than 5 years, as many as 35% suffered from ARI.(2) Zinc

RESULTS: The inflammatory status of bronchial mucosae
between Z1 and Z2 groups showed no difference (p=0.055).
However, the inflammatory status of bronchial mucosae
between Z3 and Z4 groups showed significant difference
(p<0.01). Multivariate factorial design showed that zinc
supplementation was beneficial when given to zinc deficient
diet group with regard to decrease p-NF-κB p65, IL-8 and
IL-1β levels (p<0.001) and increase dendritic cell (p=0.022).
CONCLUSION: Zinc administration under conditions of
zinc deficiency affects the inflammatory status, as shown
by the decrease of p-NF-κB p65, IL-8 and IL-1β and the
increase of NF-κB p105/p50.
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deficiency is one of the main risk factors for acute respiratory
infections.(3)
Zinc is an essential component of several enzymes and
cofactors in signaling pathways. Controlling inflammatory
signaling pathway through correlated underlying factors
such as interleukin (IL)-1b (4-6) and IL-8 (7), and also
transcription factors, such as NF-κB (6-9), is required for
normal development (10,11), apoptotic induction of tumor/
cancer cell (12-14), and cellular function.(15)
Zinc plays a role in the inflammatory system by a
variety of mechanisms such as protecting the mucociliary
cytoplasmic apparatus (tubulin and basal bodies), and
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inhibiting Nuclear Factor (NF)-κB translocation into the
nucleus, which prevents the subsequent expression of proinflammatory cytokines. Zinc deficiency will provoke proinflammatory cytokines, which could damage the mucous
membrane of respiratory tract, leading to respiratory tract
infections.(15-17) Zinc deficiency affects the function of
cells belonging to innate and acquired immunity and can
cause complications such as secondary infections and cell
damage.(18) Zinc deficiency increased the levels of tumor
necrosis factor (TNF)-a, interleukin (IL)-1β, and IL-8
cytokines.(19,20)
Unfortunately, effects of zinc supplementation on
the inflammatory system of bronchial mucosa were not
extensively studied. There was one study conducted in
septic mice (21), but not in healthy rats. Therefore, current
research was conducted to investigate the effect of zinc
administration on the inflammatory bronchial mucosal
status by analysing NF-κB p105/p50, phosphorylated-NFκB (p-NF-κB) p65, IL-8, and IL-1b of normal and zinc
deficiency healthy rats.

Methods

Animal Treatment and Sample Collection
Twenty-four male Wistar rats, aged 5 weeks, 60-100 g were
divided into 4 groups: normal zinc diet group without zinc
supplementation (Z1), normal zinc diet group with 60 ppm/
day zinc supplementation (Z2), zinc-deficient diet group
without zinc supplementation (Z3), and zinc-deficient diet
group with 120 ppm/day zinc supplementation (Z4). All
treatments were performed until 3 weeks. After that, rats
were sacrificed and bronchial mucosae were collected.
The mucosae were fixed and processed for making paraffin
blocks. The study was conducted in the Biochemistry
Laboratory, Faculty of Medicine, Universitas Airlangga/
Dr. Soetomo General Hospital, Surabaya. The research
protocol was approved by the Research Ethics Committee
for Animal Care and Use, Faculty of Veterinary Medicine,
Universitas Airlangga (No. 055-KE).
Immunohistochemistry
Bronchial mucosal paraffin blocks were sliced in 4 mm,
de-paraffinized and antigen retrieved. After washing with
phosphate buffered saline (PBS), the tissue sections were
incubated with 3% hydrogen peroxide and incubated with 2%
bovine serum albumin. Then each of the following primary
antibodies was applied. For NF-κB p105/p50 detection,
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a mouse monoclonal anti-NF-κB p105/p50 antibody
(Cat# NB100-56583, Novus Biologicals, Centennial, CO,
USA) was applied. For p-NF-κB p65 detection, a mouse
monoclonal anti-phospho-NF-κB p65 (Ser536) antibody
(Cat# sc-136548, Santa Cruz Biotechnology, Dallas, TX,
USA) was applied. For IL-8 detection, a rabbit polyclonal
anti-IL-8 antibody (Cat# orb229133, Biobyt, St. Louis, MO,
USA) was applied. For IL-1b detection, a rabbit polyclonal
anti-IL-1b antibody (Cat# AAR15G, Bio-Rad, Hercules,
CA, USA) was applied. After the first antibody, N-Histofine
High Stain HRP (MULTI) (Nichirei Biosciences, Tokyo
Japan) kit was used. The peroxidase activity was visualized
by immersing tissue sections in N-Histofine DAB-2V
(Nichirei Biosciences), resulting in a brown reaction
product. Tissue sections were finally counterstained with
hematoxylin and mounted.
Immunohistochemical Evaluation
Cells with overexpressions of NF-κB p105/p50, p-NFκB p65, IL-8 and IL-1b were examined, documented and
counted. Five fields/slide/rat were selected and documented
under a light microscope with 400x magnification, then
counted by two trained examiners.
Statistical Analysis
Counted cells were statistically analyzed with SPSS
Statistics, version 17.0 (SPSS Inc., Chicago, IL, USA).
Student's t-test was used to analyse differences of number of
cells expressing NF-κB p105/p50, p-NF-κB p65, IL-8 and
IL-1b in each group. The multivariate analysis of variance
(MANOVA) factorial design was used to determine the effect
between zinc status and zinc supplementation on immunoexpression levels of NF-κB p105/p50, p-NF-κB p65, IL-8,
and IL-1b. Data were analysed with 95% confidence level.
The p-value<0.05 was considered significant.

Results

Immuno-expressions of NF-κB p105/p50 (Figure 1), p-NFκB p65 (Figure 2), IL-8 (Figure 3) and IL-1b (Figure 4)
were seen clearly in bronchial mucosae of all Z1-Z4 groups.
Immuno-expression levels of NF-κB p105/p50, p-NF-κB
p65, IL-8, and IL-1b in the bronchial mucosae of Z1 and Z2
groups were not significantly different (Table 1). Immunoexpression levels of NF-κB p105/p50, IL-8, and IL-1b in
the bronchial mucosae of Z1 group were merely slightly
higher than the ones in Z2 group.
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Figure 1. Immuno-expression
of NF-κB p105/p50 in
bronchial mucosae. A: Z1
group, B: Z2 group, C: Z3
group, D: Z4 group. Black bar:
10 µm.

Meanwhile immuno-expression levels of NF-κB
p105/p50, p-NF-κB p65, IL-8, and IL-1b in the bronchial
mucosae of Z3 and Z4 groups were significantly different
(Table 2). Immuno-expression levels of, p-NF-κB p65, IL8, and IL-1b in the bronchial mucosae of Z4 group were
significantly lower than the ones in Z3 group. Interestingly,
immuno-expression level of NF-κB p105/p50 in the
bronchial mucosae of Z4 group was significantly higher than
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the one in Z3 group. The MANOVA factorial design showed
significant results of zinc status with zinc supplementation
on the immuno-expression levels of NF-κB p105/p50, p-NFκB p65, IL-8, and IL-1b (Table 3). In addition, individual
zinc status and individual zinc supplementation were
shown to significantly affect immuno-expression levels of
p-NF-κB p65, IL-8, and IL-1b but not the one of NF-κB
p105/p50.

Figure 2. Immuno-expression
of p-NF-κB p65 in bronchial
mucosae. A: Z1 group, B: Z2
group, C: Z3 group, D: Z4 group.
Black bar: 10 µm.
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Figure 3. Immuno-expression
of IL-8 in bronchial mucosae.
A: Z1 group, B: Z2 group, C: Z3
group, D: Z4 group. Black bar:
10 µm.

Discussion

Present study showed that zinc supplementation under
normal conditions had no effect on the inflammatory status of
bronchial mucosae, as shown by immuno-expression levels
of NF-κB p105/p50, p-NF-κB p65, IL-8, and IL-1b. Previous
study reported that zinc supplementation on respiratory
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tract infections of children with cystic fibrosis showing a
not significant difference of IL-8 and IL-1β serum levels
compared to placebo.(22) Zinc supplementation would not
be beneficial to individuals with normal zinc level, but zincdeficient individuals responded to zinc supplementation.
(23) Present results also showed that zinc administration
had an effect on bronchial mucosal inflammatory status in
deficient condition.

Figure 4. Immuno-expression
of IL-1b in bronchial mucosae.
A: Z1 group, B: Z2 group, C: Z3
group, D: Z4 group. Black bar:
10 µm.
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Table 1. Immuno-expression levels of NF-κB p105/p50, p-NF-κB p65, IL-8, and IL-1b in the bronchial
mucosae of normal zinc diet group. Z1 group: normal zinc diet group without zinc supplementation, Z2 group:
normal zinc diet group with zinc supplementation.
Normal Zinc Diet Group

p*
(univariate)

p**
(multivariate)

20.20±0.84

0.001

0.055

2.40±1.14

2.00±0.71

0.524

IL-8

3.00±1.23

3.80±1.48

0.380

IL-1β

3.00±1.58

3.60±1.52

0.557

Variable

Z1 Group
(Mean±SD)

Z2 Group
(Mean±SD)

NF-κB p105/p50

12.40±3.21

p-NF-κB p65

*Independent t-test; **Hotelling's T2 test.
Table 2. Immuno-expression levels of NF-κB p105/p50, p-NF-κB p65, IL-8, and IL-1b in the bronchial
mucosae of zinc deficient diet group. Z3 group: zinc deficient diet group without zinc supplementation, Z4
group: zinc deficient diet group with zinc supplementation.
Zinc Deficient Diet Group

p*
(univariate)

p**
(multivariate)

12.60±2.70

<0.001

<0.001

19.30±1.97

7.80±2.86

<0.001

IL-8

20.30±1.63

11.20±1.30

<0.001

IL-1b

22.17±3.97

10.40±1.14

<0.001

Variable

Z3 Group
(Mean±SD)

Z4 Group
(Mean±SD)

NF-kB p105/p50

5.50±1.38

p-NF-kB p65

*Independent t-test; **Hotelling's T2 test.

In present study, p-NF-kB p65, IL-8 and IL-1β were
increased in zinc-deficient rats without zinc supplementation
while NF-kB p105/p50 was not influenced by zinc
supplementation. Theoretically zinc deficiency might cause
epithelial damage, which stimulate dendritic cells to secrete
IL-8 and IL-1β in the inflammatory process of the bronchial
mucosal epithelium. Then the signal transduction will

occur, leading to increment of NF-kB p65 phosphorylation,
then p-NF-kB p65 translocate into the nucleus. As for the
inactive form of NF-kB will decrease, including NF-kB
p105/p50, which is remained in the cytoplasm.
Zinc administration will increase zinc levels in
the intracellular system and inhibit the production of
proinflammatory cytokines through several channels. In

Table 3. MANOVA factorial design of zinc status and zinc supplementation on immuno-expression levels of NF-κB p105/
p50, p-NF-κB p65, IL-8, and IL-1b in the bronchial mucosae of Wistar rats.

Mean square

p*

p **

NF-κB p105/p50
p-NF-κB p65
IL-8

322.73
668.48
784.1

<0.001
<0.001
<0.001

<0.001

IL-1β
NF-κB p105/p50
p-NF-κB p 65

850.85
253.8
192.61

<0.001
<0.001
<0.001

IL-8

112.4

<0.001

IL-1β
NF-κB p105/p50

154.93
0.013

<0.001
0.721

p-NF-κB p65
IL-8
IL-1β

148.44
100.74
200

<0.001
<0.001
<0.001

Main Effects and Interaction Effects

Variable

Effects of zinc status (normal/ zinc deficiency)

Effects of zinc supplementation (yes/no)

Interaction effects of zinc status (normal/deficiency)
with zinc supplementation (yes/no)

<0.001

<0.001

*Tests of Between-Subjects Effects; **Wilks' Lambda.
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addition, zinc induces zinc finger protein and inhibits
activation of the NF-kB pathway through Tumor Necrosis
Factor Receptor (TNF-R)-associated Factor (TRAF).(20,23)
Zinc administration in HL-60 cells was shown to decrease
gene expression and the production of inflammatory
cytokines, as well as decreasing markers of oxidative stress.
(20) Therefore, in present study, by supplementation of zinc,
the zinc deficiency-caused inflammatory signaling pathway
was inhibited, resulting down-regulation/decrease of p-NFkB p65 and upregulation/increase of NF-kB p105/p50.

Conclusion

Zinc administration has an effect on bronchial mucosal
inflammatory status, which is expressed by the decrease
of p-NF-kB p65, IL-8 and IL-1β levels and the increase of
NF-kB p105/p50 level in rats with zinc deficiency.

1.

2.
3.

4.

5.

6.

250

References

Daili SF, Williams BG, Gouws E, Boschi-Pinto C, Bryce J, Dye C.
Estimates of world-wide distribution of child deaths from acute
respiratory infections. Lancet Infect Dis. 2002; 2: 25-32.
Badan Penelitian dan Pengembangan Kesehatan Kemenkes RI. Riset
Kesehatan Dasar 2010. Jakarta: Kementrian Kesehatan; 2010.
Bhutta ZA, Black RE, Brown KH, Gardner MJ, Gore S, Hidayat A, et
al. Prevention of diarrhea and pneumonia by zinc supplementation
in children in developing countries: Pooled analysis of randomized
controlled trials. J Pediatr. 1999; 135: 689-97.
Todingrante A, Arief M, Bahrun U, Sandra F. Study of low-grade
chronic inflammatory markers in men with central obesity: cathepsin
s was correlated with waist circumference. Indones Biomed J. 2013;
5: 115-20.
Afifah E, Mozef T, Sandra F, Arumwardana S, Rihibiha DD, Nufus
H, et al. Induction of matrix metalloproteinases in chondrocytes by
interleukin IL-1β as an osteoarthritis model. J Math Fund Sci. 2019;
51: 103-11.
Hamuaty RB, Sukmawati IR, Sandra F. Relationship between sRAGE
and hsCRP as markers of cardiovascular disease risk factors in
diabetic and non-diabetic men with central obesity. Mol Cell
Biomed Sci. 2017; 1: 70-4.

7.

Print ISSN: 2085-3297, Online ISSN: 2355-9179

Ketherin, Sandra F. Osteoclastogenesis in periodontitis: signaling
pathway, synthetic and natural inhibitors. Mol Cell Biomed Sci.
2018; 2: 11-8.
8. Sandra F, Ketherin. Caffeic acid inhibits RANKL and TNF-α-induced
phosphorylation of p38 mitogen-activated protein kinase in RAW-D
cells. Indones Biomed J. 2018; 10: 140-3.
9. Sandra F, Kukita T, Tang QY, lijima T. Caffeic acid inhibits NFkB
activation of osteoclastogenesis signaling pathway. Indones Biomed
J. 2011; 3: 216-22.
10. Sandra F. Role of herbal extract in stem cell development. Mol Cell
Biomed Sci. 2018; 2: 19-22.
11. Sandra F, Kukita T, Muta T, Iijima T. Caffeic acid inhibited
receptor activator of nuclear factor κB ligand (RANKL)-tumor
necrosis factor (TNF) α-TNF receptor associated factor (TRAF) 6
induced osteoclastogenesis pathway. Indones Biomed J. 2013; 5:
173-8.
12. Sandra F. Targeting ameloblatoma into apoptosis. Indones Biomed J.
2018; 10: 35-9.
13. Sandra F, Hudono KF, Putri AA, Putri CAP. Caspase inhibitor
diminishes caffeic acid-induced apoptosis in osteosarcoma cells.
Indones Biomed J. 2017; 9: 160-4.
14. Hendarmin L, Kawano S, Yoshiga D, Sandra F, Mitsuyasu T, Nakao
Y, et al. An anti-apoptotic role of NF-κB in TNFα-induced apoptosis
in an ameloblastoma cell line. Oral Sci Int. 2008; 5: 96-103.
15. Truong-Tran AQ, Carter J, Ruffin R, Zalewski PD. New insights into
the role of zinc in the respiratory epithelium. Immunol Cell Biol.
2001; 79: 170-7.
16. Prasad AS. Clinical, immunological, anti-inflammatory and
antioxidant roles of zinc. Exp Gerontol. 2008; 43: 370-7.
17. Ngom PT, Howie S, Ota MO, Prentice AM. The potential role and
possible immunological mechanisms of zinc adjunctive therapy
for severe pneumonia in children. Open Immunol J. 2011; 4:
1-10.
18. Overbeck S, Rink L, Haase H. Modulating the immune response by
oral zinc supplementation: A single approach for multiple diseases.
Arch Immunol Ther Exp (Warsz). 2008; 56: 15-30.
19. Prasad AS. Effects of zinc deficiency on Th1 and Th2 cytokine shifts.
J Infect Dis. 2000; 182 (Suppl1): S62-8.
20. Prasad AS. Zinc: mechanisms of host defense. J Nutr. 2007; 137:
1345-9.
21. Bao S, Liu MJ, Lee B, Besecker B, Lai JP, Guttridge DC, et al. Zinc
modulates the innate immune response in vivo to polymicrobial
sepsis through regulation of NF-kappaB. Am J Physiol Lung Cell
Mol Physiol. 2010; 298: L744-54.
22. Abdulhamid I, Beck FW, Millard S, Chen X, Prasad A. Effect of zinc
supplementation on respiratory tract infections in children with
cystic fibrosis. Pediatr Pulmonol. 2008; 43: 281-7.
23. Prasad AS. Zinc: role in immunity, oxidative stress and chronic
inflammation. Curr Opin Clin Nutr Metab Care. 2009; 12: 646-52.

