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ackground: Cadmium, a well-known hazardous heavy metal and non-essential component, has several 

negative health effects. The long-term use of cadmium toxin to develop a pulmonary model, evaluation 

of Irg1 gene expression and KLF-2 protein and serum IL4 levels following model induction, and 

evaluation of vitamin D's therapeutic effects in reducing pulmonary and hepatic complications in a mice model 

have not been studied.  

Methods: A total of 40 healthy female C57 black 6 mice weighing 20–25 g and approximately 6–8 weeks’ old 

were purchased from animal husbandry, Pasteur Institute of Iran. After induction of the model, the mice were 

assigned to the following groups such as Group 1 (G1): mice were euthanized the day after induction. Group 

2(G2): mice were ethically killed 21 days after induction. Group 3(G3) mice were treated with vitamin D and 

euthanized 5 days after treatment. Group 4(G4): mice were treated with vitamin D and euthanized 21 days after 

treatment. Vitamin D3 with a concentration of 300,000 units per milliliter, which is equivalent to 7.5 mg per 1 

microliter, and 13.5 μl of the main stock is equivalent to 100 ng, which is used for 1 kg of mice. Blood samples 

were collected to measure serum glutamic-oxaloacetic transaminase, serum glutamic-pyruvic transaminase, 

and alkaline phosphatase to evaluate liver toxicity.  

Results: Based on the results obtained, serum SGPT levels in vitamin D treatment groups did not show a 

significant decrease compared to cadmium groups (p >0.001). The ALP biomarker in the groups treated with 

vitamin D was decreased significant in comparison to untreated model groups (p<0.001). While any significant 

differences were not observed between the Cd model and the Cd model treated with Vitamin D.  

Conclusion: This study proved that administration vitamin D to some extent reduces the toxic effects of 

cadmium on the liver and lung.                      
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Introduction  

Respiratory system is vital organ, which consists of 

small particles such as dust, smoke, dirt, pollen, and 

aerosols. While, the lungs must provide protection, in 

addition to the mechanical forces of spontaneous 

respiration, at the same time inhaled viruses, bacteria, 

and different respiratory pathogens can impair the 

protection lines. The special environment of lung is 

protected by complicated immune interactions [1]. In 

the developmental and industrial countries, air 

pollution is the most frequent reason for respiratory 

diseases that influence on the structure and the function 

of the respiratory system [2]. 

Cadmium, a well-known hazardous heavy metal [3] 

and non-essential component [4], has several negative 

health effects. Smoking, tainted water or food, 

contaminated air from fossil gasoline burning, or 

occupational pollution are all sources of Cadmium 

exposure. Cd is harmful to both the environment and 

living things [3]. The kidneys, bone, vasculature, and 

lungs are Evidence shows that cadmium increases 

cytokine production and lung inflammation, impairs 

macrophage-mediated immune function, disrupts tight 

junction integrity in human airway epithelial tissue at 

the level of the air-liquid-interface airway, and 

potentiates pulmonary infection. These are some of the 

reasons why cadmium burden may predispose 

individuals to worse pulmonary disease from respiratory 

infections. Cadmium has been found to build up in 

human lung tissue. Cd binds to the sulfhydryl group of 

thiols such as glutathione and metallothionine, 

disrupting the antioxidant defence mechanism and 

causing oxidative stress. Localized cadmium deposition 

has been related to weakened innate immunity [5].  

Vitamin D is a prohormone. Since vitamin D receptors 

(VDRs) are found in many cells and tissues throughout 

the body, several studies suggest the importance of 

vitamin D in a variety of physiological activities other 

than bone and muscle health. Vitamin D is a fat-soluble 

vitamin that comes in two forms: ergocalciferol (vitamin 

D2) and cholecalciferol (vitamin D3). The main 

distinction between these two types is their side chain 

structure. While D2 is mostly derived from plants and 

vegetables, D3 is primarily generated in the skin in 

response to UVB radiation from 7 dehydrocholesterol. 

Vitamin D is also available as a dietary supplement in 

both forms [6]. 

In respiratory system, the airway epithelium has a high 

quantity of 1-hydroxylase, which converts inactive 

Vitamin D into an active form. The active form of 

Vitamin D stimulates cathelicidin secretion and the 

production of other peptides in epithelial cells that 

protect against bacterial and viral infections. As a result, 

vitamin D produced locally promotes innate immunity 

and regulates inflammation and tissue damage in the 

respiratory system. It also stimulates the adaptive 

immune response by activating macrophages and the 

antigen-recognition cells, T- and B-lymphocytes. Active 

Vitamin D is produced by alveolar macrophages and 

performs an important intracrine function in the 

macrophage response to infection. It has been 

discovered that vitamin D has a direct effect on T- and 

B-cells. Vitamin D aids in the production of the cytokine 

interleukin (IL)-10, which is important in anti-

inflammation and immunosuppression. Thus, by 

removing the microorganisms, locally created Vitamin D 

in the airways and lungs will reduce tissue damage and 

inflammation [7]. 

KLF2 or lung Kruppel-like factor (LKLF) belongs to the 

zinc-finger transcription factor subfamily known as 

Kruppel-like family (KLFs) [8]. Cellular differentiation 

and tissue development are regulated by this family.[9] 

KLF2 or LKLF is a human and mouse-specific gene with 

the chromosomal location of 19p13 [10]. LKLF was first 

reported as a lung-specific transcription factor. LKLF is 

mostly expressed in the fetal and adult lungs, with 

limited expression in other organs, and KLF2 is required 

for proper lung development. LKLF is recognised to have 

an important role in cell proliferation, differentiation, 

and apoptosis. [11] Reports on T cell and monocyte 

function, as well as endothelial proinflammatory 

activation, have all suggested that KLF2 plays a 

regulatory role in the immune system [12]. 

Irg1 (Immune-Responsive Gene 1) is a mitochondrial 

enzyme [13] that is highly expressed in mammalian 

macrophages during inflammation [14]. Irg1 was 

discovered as a 2.3-kb cDNA from a library made from 

mRNA extracted from a murine macrophage cell line 

following LPS stimulation.[14] Inflammatory stimuli 

stimulate the expression of immunoresponsive gene 1, 

which catalyses the synthesis of itaconate by diverting 

cis-aconitate away from the tricarboxylic acid cycle. The 

immunoregulatory function of the immunoresponsive 

gene 1/itaconate axis in lipopolysaccharide-activated 

mouse and human macrophages has recently been 

reported [15]. 

Interleukin-4 (IL-4) is a protein involved in numerous 

immunological regulatory and pro-inflammatory 

activation processes, including atopic inflammation and 

asthma [16]. This cytokine belongs to the γc family. This 

group of cytokines has extensive pleiotropic effects on 

the immune system, including the innate and adaptive 

immune systems, with these cytokines collectively 

contributing to the development of T, B, natural killer 

(NK), and innate lymphoid cells (ILCs), promoting either 

cell survival or cell death of immune populations 

depending on the context, and significantly modulating 

the differentiation of cellular populations into more 

terminally differentiated cells [17]. Some of the 

characteristics of IL-4 and IL-13 are similar. Both IL-4 
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and IL-13 are released into the plasma by Th2 

lymphocytes and mast cells. These cytokines are 

overproduced and play essential roles in atopic, asthma, 

and allergic reactions by stimulating IgE production in 

naïve B-lymphocytes [16]. 

Because of the importance of infectious lung diseases 

in recent years and the relationship between 

exacerbation of these diseases and air pollution and the 

effect of toxins on accelerating the pathophysiological 

process of lung diseases, developing an animal model to 

evaluate this relationship and the treatment process 

with supplements can be helpful. The long-term use of 

cadmium toxin to develop a pulmonary model, 

evaluation of Irg1 gene expression and KLF-2 protein 

and serum IL4 levels following model induction, and 

evaluation of vitamin D's therapeutic effects in reducing 

pulmonary and hepatic complications in a mice model 

have not been studied.  

Methods 

Experimental Animals 

A total of 40 healthy female C57 mice weighing 20–25 g 

and approximately 6–8 weeks’ old were purchased from 

animal husbandry, Pasteur Institute of Iran. The mice 

were housed in a controlled environmental condition 

with a 12 h light/dark cycle, temperature (23±3°C) and 

humidity (50± 10%), and free access to autoclaved 

commercial food and water [18]. All animal studies were 

carried out in accordance with the instructions of the 

research ethics committee. Research Ethics Committees 

of Islamic Azad University (Science and Research 

Branch) has reviewed the study protocol and approved 

this research (approval number: 

IR.IAU.SRB.REC.1400.331).  

Animal Study Design  

The mice were randomly divided into 4 groups with 10 

mice in each group. Based on previous research, the 

cadmium toxin first dissolved in normal saline. Then, 

according to the ethical principles of 2 mg per kg of 

mouse weight for 28 days by injecting IP 5 days a week 

with two days of rest in the experimental group, the 

disease was induced. After induction of the model, the 

mice were assigned to the following groups: 

Group 1 (G1): Mice were euthanized the day after 

induction  

Group 2(G2): Mice were ethically killed 21 days after 

induction 

Group 3(G3): Mice were treated with vitamin D and 

euthanized 5 days after treatment  

Group 4(G4): Mice were treated with vitamin D and 

euthanized 21 days after treatment. Vitamin D3 with a 

concentration of 300,000 units per milliliter, which is 

equivalent to 7.5 mg per 1 microliter, and 13.5 μl of the 

main stock is equivalent to 100 ng, which is used for 1 kg 

of mice. 

In this study, each group was placed in a box 

containing CO2 for about 2 minutes until they were 

completely euthanized. Then, after euthanasia, liver and 

lung tissues were collected in two forms of fix (10% 

formalin) and freeze for further studies. 

Assessment the Liver Biomarkers  

Before euthanizing the animal, blood samples were 

collected to measure serum glutamic-oxaloacetic 

transaminase (SGOT), serum glutamic-pyruvic 

transaminase (SGPT), and alkaline phosphatase(ALP) to 

evaluate liver toxicity. 

Real-time Polymerase Chain Reaction (RT-PCR) 

RNA Extraction of Lung Tissue 
The Irg1 genes expression level in different examined 

groups was measured. After extracting the cells from the 

homogenized lung tissue, a specified amount of trisol (1 

ml of trisol per 50 to 100 mg of tissue) was added for cell 

lysis. For 1 ml of trisol added in the first phase, 200 μl of 

chloroform was added to the samples and shaken for 15 

seconds to mix (without vortex). The microtubes were 

incubated for 15 minutes at room temperature and then 

centrifuged at 12000 RPM for 4 minutes at 4 ° C. The 

RNA from the clear superior phase was extracted and 

transferred to another microtube. Isopropanol was then 

added to these microtubes and incubated for 10 minutes 

at -20 ° C after mixing the contents. In order to 

precipitate RNA, the samples were centrifuged at 12000 

RPM for 4 minutes at 4 ° C. The superior phase was 

drained, and the precipitates were washed with 75% 

ethanol before vortexing for a few seconds. The samples 

were then recentrifuged at 7500 RPM for 5 minutes at 4 

° C. At this stage, after draining the superior phase, the 

precipitate was semi-dry for 15 minutes. Then, 20 to 30 

microliters of DEPC or RNase-free water was added to 

each microtube to dissolve the RNA precipitate. 

cDNA Synthesis 
Complementary DNA (cDNA) was prepared from the 

extracted RNA. Components for making cDNA include 

5µl of RT mix (RT buffer and RT enzyme), 1µl of Oligo 

dT primer, and 3 µl of DEPC water are mixed together 

and then distributed in volumes of 9 µl in 0.2 ml 

microtubes. The mixture was incubated at 25 °C for 10 

minutes and 47 °C for 60 minutes. It was then cooled for 

2 minutes at 4 °C. The process was stopped after five 

minutes of heating at 85 °C, and the mixture was kept on 

ice until use. 

Primer Design and Quantitative real time PCR (qPCR) 
Quantitative real-time PCR (Q-PCR) analysis was 

performed by Real-time PCR Thermocycler (ABI 

Stepone) and the SYBR RT-PCR kit (addbio). The Oligo 
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dt was used to design primers for Irg1 and GAPDH (as a 

housekeeping gene). Table 1 shows the forward and 

reverse primer sequences for the aforementioned genes. 

Genes Forward primer (5'-3') Reverse primer (3'-5') 

Irg1 CCACCGACATATGCTGCTTTT CAGGTCGAGGCCAGAAAACTT 

GAPDH CAGAACATCATCCCAGCCTCC TTGGCAGGTTTCTCAAGACGG 

Table 1: Primer sequences used in Real-time PCR 

Enzyme-linked Immunosorbent Assay (ELISA) 

Serum was isolated from the blood samples then, IL-4 

were detected in the collected sera by ELISA 

(MBS2504956). 

Western Blot Analysis of KLF-2 Protein Levels 

We lysed the tissue in a microtube, added 300 

microliters of Protease + RIPA inhibitor solution, and 

chilled it for one hour (4 ° C) to extract the protein. The 

samples were then centrifuged (4 ° C, 7000 rpm, 10 min) 

and Lowry's technique was used to collect the superior 

phase in order to assess the total protein content. Tissue 

lysed samples were loaded on PAGE-SDS gel and 

electrophoresed at 90 volts. Following the 

electrophoresis stage, the gel was shaken for 2 hours at 

room temperature with Coomassie Blue (Germany, 

Merck). Then the gel was placed in the dye solution 

(Destain) and finally the gel is washed with distilled 

water. In this way, the proteins were separated on the 

PAGE-SDS gel based on the size of the molecular weight, 

according to the standard Ladder. The electrophoresis 

steps were performed using a RAD-BIO device. For one 

and a half hours, the dissociated proteins on the gel at 

100 volts were constantly and wet transferred to PVDF 

paper having pores of 0.45 μm. Using a 12.5 percent 

Sodium Dodecyl Sulfate-Poly Acrylamide 

electrophoresis (PVDF), proteins were transported to a 

polyvinylidene fluoride membrane from 50 g of 

homogenized samples. PVDF paper was placed in the 

blocking buffer on the shaker for 2 hours at room 

temperature. Then, TBST (Tween20) was used for 

washing. The PVDF paper was then placed in the original 

antibody dilution in the refrigerator overnight. The next 

day, the membranes were washed three times with 

Tween 20 saline buffer tris (TBST). BA1054-2, a 

secondary antibody linked to horseradish peroxidase 

(HRP), was then added to the shaker for 120 minutes at 

room temperature, and protein expression was 

confirmed. The bands were detected using an enhanced 

chemiluminescence (ECL) technique. The band 

intensities obtained from each protein extract were 

normalized against comparable values for the GAPDH 

household protein bands, and protein band density was 

assessed using Image J software (National Institute of 

Health, USA). 

Histopathology Evaluation of Liver  

After extracting the liver samples from the mice, they 

were fixed in a 10% formalin solution for 24-72 hours. 

Samples were cut by a 5 μm thick microtome machine 

and placed on a silane slide. The liver tissue was then 

stained with Masson's trichrome stain, and the lung 

tissue with hematoxylin and eosin (HE). The 

pathological structural alternations were observed 

under an optical microscope (200× and 100×). 

Statistical Analysis 

GraphPad Prism 5.04 software was used for two-way 

ANOVA and multiple Tukey comparison test analysis. 

Data were expressed as the mean± SE compared to the 

command. In all studies, a p-value of less than 0.05 was 

considered a significant difference. The asterisks 

replicate significant differences with* for p<0.05, ** for 

p<0.01, and *** for p<0.001, with a 95% CI.  

Results 

Evaluation of SGOT, SGPT, and ALP Biomarkers Activity 

Based on the results, SGOT level in sera isolated from 

treatment groups was not statistically significant in 

comparison with the cadmium groups (p >0.001). 

 
Figure 1: SGOT level analysis in the treatment and Cd group. 

Serum SGPT levels in vitamin D treatment groups did 

not show a significant decrease compared to cadmium 

groups (p >0.001).  

 
Figure 2: SGPT level analysis in the treatment and Cd group.  

The ALP biomarker in the groups treated with vitamin D 

was decreased significant in comparison to untreated 

model groups (p<0.001). 
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Figure 3: ALP level analysis in the treatment and Cd group. 

Estimation of IL-4 Level by ELISA 

In the study of IL-4, any significant differences were not 

observed between the Cd model and the groups treated 

with vitamin D. 

 

Figure 4: IL4 level analysis in the treatment and Cd group. 

Irg1 Gene Expression Analysis by Real-time PCR 

The expression of Irg1 gene, there was a statistically 

significant decrease in the group treated with Vitamin D 

(p<0.05). While any significant differences were not 

observed between the Cd model and the Cd model 

treated with Vitamin D. 

 
Figure 5: Irg1 Gene Expression Analysis by Real-time PCR  

Klf-2 Proteins Expression Analysis by Western Blot 

Based on Klf-2 proteins band results, the protein 

expression in the treatment groups was significantly 

lower than the Cadmium group. 

Liver Histopathology Analysis 

Figure 7 shows Masson's trichrome stained cross-

section of liver tissue in Cadmium D5, Cadmium D21, 

Treat D5 and Treat D21 groups. The deposition of 

mature collagen fibers in typical liver biopsy tissues was 

demonstrated using Masson's trichrome staining. Based 

on the histopathological evaluations in the Cd groups, 

the fibrosis area was more than the treatment groups. As 

can see in figure 7, in the groups treated with Vitamin D, 

there was a statistically significant decrease in fibrosis 

area compared to the Cd groups (p<0.001), respectively. 

Based on histopathological evaluations, in the Cd group, 

the liver section of showed evident sinusoidal 

congestion, inflammatory cell infiltration, cellular 

degeneration and cytoplasmic vacuolization. 

 
Figure 6: Klf-2 Proteins Expression Analysis by Western Blot in 
different examined groups. 

 
Figure 7: The deposition of collagen fibers in liver biopsy tissues 
was shown using Masson's trichrome staining. Based on the 
histopathological evaluations, the area of fibrosis in the Cd groups 
was more than that of the treatment groups. In the cadmium 
group, the liver section showed obvious sinus congestion, 
inflammatory cell infiltration, cell degeneration, and cytoplasmic 
vacuolation. 

Discussion 

The lung is a vital organ that is extremely sensitive and 

vulnerable to infections, damage, and particles in the air 

(or airborne). According to the book "The Global Impact 

of Respiratory Disease" published by the Assembly of 

International Respiratory Associations (2017), 

respiratory diseases are the world's leading cause of 

death and impose significant health costs [19]. Air 

pollution has become a serious problem in recent years, 

and related researches on respiratory health are 

increasing.  
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Cadmium is a hazardous non-essential transition 

metal that can have harmful effects on the human body 

[20] and it is absorbed mostly through the respiratory 

system and to a lesser extent through the 

gastrointestinal system, while skin absorption is rather 

infrequent [21]. This element accumulates in organs 

such as the lungs and affects intracellular signaling, 

which in turn may lead to dysfunction of the host 

defense, including innate immunity and inflammatory 

response, impaired lung function and the incidence of 

lung disease, and enhanced susceptibility to bacterial 

and viral infections [22, 23]. The latter item emphasizes 

the need to manage respiratory disorders such as COVID 

19. As a result, reduction of this toxic metal exposure 

might be viewed as a potential strategy for lowering the 

susceptibility and severity of viral diseases affecting the 

respiratory system, such as COVID-19 [24]. 

Several studies have shown cross-sectional links 

between vitamin D deficiency and chronic respiratory 

disorders. According to certain research, vitamin D 

insufficiency may be a precursor to the development of 

respiratory disorders, and an adequate amount of 

Vitamin D in the body is associated with better lung 

function [25]. Vitamin D builds up the innate immune 

system by increasing the amount of beneficial 

immunological proteins in the body. It also functions as 

an immune system regulator, preventing excessive 

inflammatory cytokine production [7]. 

The mechanism of cadmium-induced toxicity occurs 

in two mechanisms: The first stage is caused by metal 

ions, which induce ischemia and ionic problems, while 

the second stage is caused by inflammation caused by 

free radicals and oxidative stress [26]. 

In this study, we investigated the therapeutic effects 

of vitamin D in reducing the pulmonary and hepatic 

effects of cadmium in mice. 

The levels of SPGT (ALT) and SGOT (AST) in the blood 

have been utilized as key markers of clinical liver 

function, and they increase when liver function is 

compromised [27]. In present study, these indications 

were all significantly higher in Cd-groups, indicating 

clear hepatic damage caused by Cd, which was 

consistent with previous research findings [27, 28]. 

While in comparison between Cd groups and vitamin D-

treated groups, there was not a significant change.  

In a study, the effect of progesterone as an anti-

inflammatory and antioxidant agent in cadmium-

induced toxicity was studied. The effect of cadmium on 

liver function was studied using liver enzymes such as 

ALP and bilirubin, which are indications of hepatic 

injury. Exposure to cadmium increases ALP activity in 

tissues. Progesterone therapy significantly reduced 

cadmium-induced hepatic damage by reducing ALP 

levels [29]. In our study, ALP levels were significantly 

higher among the control groups. However, in the 

treatment groups with vitamin D, they significantly 

decreased. By lowering ALP levels, vitamin D therapy 

mitigated cadmium-induced liver damage. 

Ren et al., studied the expression of Irg1 gene during 

Syncytial Respiratory Virus infection. Research suggests 

that reactive oxygen species (ROS) production plays a 

crucial role in RSV disease lung inflammation and tissue 

damage. ROS production was increased by RSV infection 

or IRG1 overexpression. As a result, inhibiting IRG1 

induction prevented RSV-induced ROS production and 

proinflammatory cytokine gene expression. In RSV-

infected mice, blocking IRG1 induction decreased 

immune cell infiltration and prevented lung damage 

[30]. On the other hand, Nair et al. (2018) found in a 

study that the expression of Irg1 in myeloid cells 

prevents immune damage during the bacterial infection 

in M.tuberculosis . This gene plays a key role in 

regulating neutrophil-dependent inflammation during 

Mtb infection in the lung [13]. 

Cadmium increases ROS production and the 

imbalance in antioxidants, leading in oxidative stress 

[31]. In our study, in the cadmium groups, the 

expression of the Irg1 gene and lung damage increased. 

However, in the treatment groups, the expression of this 

gene decreased due to the administration of vitamin D, 

which, according to research, plays an important role in 

regulating oxidative stress, inflammation, and energy 

metabolism [32]. 

Hu et al., investigated the effect of dietary cadmium on 

lung injuries in mice with respiratory syncytial virus 

(RSV). This study showed that low-dose of Cd can cause 

low-grade of inflammation and exacerbate RSV-induced 

inflammation via IL-4 [33].  

Hyun Lim et al., studied the therapeutic and anti-

allergic effects of vitamin D on asthma. This vitamin has 

a preventive and inhibitory effect on the development 

and exacerbation of asthma. Low levels of this vitamin 

in patients with asthma are associated with decreased 

lung function and increased airway overreaction. The 

effect of vitamin D on the penetration of eosinophils 

may be due to the effect of this vitamin on interleukin-4 

[34]. 

Zahedi et al. (2021) examined the concentrations of 

metals in fine particulate matter PM2.5 in the outdoor 

air around the home sites of 123 male children from 

Ahvaz, average age 7, along with their blood samples to 

measure pro-inflammatory responses. These children, 

who lived in an industrial region with high metal 

concentrations in PM2.5, had high metal levels in their 

blood as well as high levels of IgE, IL-4, and IL-13, 

indicating immunological dysregulation and rapid 

inflammatory reactions [16]. 

Based on previous studies, the IL-4 levels of the 

cadmium groups in the present study were high. 

However, treatment with vitamin D reduces this 
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amount. Zahlten et al. in a study investigated the role of 

Klf2 in the innate immune responses of lung epithelial 

cells infected with Streptococcus pneumoniae [12]. The 

results showed that it may act as a counterregulatory 

transcription factor in the pro-inflammatory response 

during pneumococcal lung infections, preventing lung 

hyperinflammation and subsequent organ failure. 

Numerous studies have been performed on the 

cadmium and its toxic effect on different organisms of 

body. Due to the importance of infectious lung diseases 

in recent years and the exacerbation of these diseases 

with air pollution and the effect of toxins on 

accelerating the pathophysiological process of lung 

diseases, creating an animal model to evaluate this 

relationship and the treatment process with 

supplements can be helpful. This study proved that 

administration vitamin D to some extent reduces the 

toxic effects of cadmium on the liver and lung. 
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