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ABSTRACT

Background: Arsenic was used in medicine, cosmetics industry, and agriculture. Nowadays, 
using arsenic in endodontics has greatly declined due to the severe damage to vital pulp tissue, and 
periodontium. Folic acid is one of the forms of vitamin B9 and it possesses a significant antioxidant 
effect. Zinc performs proapoptotic, anti-inflammatory and protective antioxidant activities. 

Objective: Evaluation of effect of folic acid and zinc chloride (ZnCl2) on arsenic treated pulp 
tissue of rats.

Methodology: Twenty-five rats were divided into five groups; each group consisted of 5 rats: 
Group (1); served as a control without any treatments. Experimental groups (2,3 and 4); arsenic 
treated group, folic acid treating in arsenic treated group and ZnCl2 treating in arsenic treated group 
sequentially. After 24 hours from the last dose, specimens were taken and processed for H&E, and 
immunohistochemical stains: Nrf2 and TNF-α, morphometric analysis and statistical analysis.

Results: Groups 1,3 and 4 showed mostly Nrf2 negative immunoreactivity in odontoblastic 
cell layer and faint Nrf2 immunoreactivity in pulp tissue. But group 2 had strong Nrf2 positive 
immunoreactivity in cytoplasm and nucleus of disorganized odontoblastic cell layer and in pulp 
tissue.  Groups 1 and 3 showed very weak TNF-α immunoreactivity in pulp tissue. But group 2 
had very strong positive TNF-α immunoreactivity in pulp tissue. While group 4 showed TNF-α 
negative immunoreactivity in pulp tissue.

Conclusion: As2 O3 has a toxic effect on pulp tissue through increasing the reactive oxygen 
species. ZnCl2 has a powerful detoxification effect more than folic acid in arsenic treated pulp 
tissue. 
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INTRODUCTION 

Arsenic (As) is a natural element found in air, 
soil, food, and water. Arsenic was found to cause 
many adverse effects including gastro-intestinal, 
cardiac, renal, bone marrow, central nervous system 
and hepatic damage and several types of cancer 
in both human and animal populations (Korany, 
Ahmed, Halawany, & Ahmed, 2019; Noman et 
al., 2015).

Concerning oral tissues, high levels of arsenic 
exposure was associated with increased arsenic-
induced lesions of the tongue, gingiva, and buccal 
mucosa (Syed et al., 2013). Arsenic is toxic to 
vital pulp, which can cause severe damage to 
osteomyelitis of the jaw. Arsenic has remarkable 
toxic effect on rat pulpal cells as well as in human 
cells due to production of reactive oxygen species 
(ROS) (Nassar et al., 2021).

Folic acid is one of the forms of the water-soluble 
vitamin B9. It is also one of the constituents of 
vitamin B complex. Folic acid is required during 
periods of rapid cell division and growth. It is 
involved in protein and DNA synthesis. It is essential 
in cellular division and new cell production. It is 
required for production of healthy red blood cells 
and prevention of anemia. Moreover, it possesses a 
significant antioxidant effect and reduces oxidative 
stress. Concerning oral tissues, folic acid is essential 
for the maintenance of intact oral mucosa (George, 
Shobha, & Lazarus, 2013; N. Li et al., 2021).

Zinc is a trace element present in the Earth’s crust 
as well as in the human body, essential for a broad 
range of biological processes. It is also present in 
foods like meat, seafood, cereals, milk, and milk 
products. In the oral cavity, it is naturally found in 
saliva, dental plaque, and tooth enamel and dentin. 
It is vital for maintaining oral and general health 
(Lynch, 2011; Uwitonze, Ojeh, Murererehe, Atfi, 
& Razzaque, 2020). It has a significant role in basic 
cellular functions including enzyme activation, cell 
signaling and metabolism of many enzymes and 

proteins. It is also a component of many DNA repair 
proteins and enzymes. Zinc performs proapoptotic, 
anti-inflammatory and protective antioxidant 
activities as it decreases the production of toxic 
agents such as hydrogen peroxide (H2O2) and ROS 
(Uwitonze et al., 2020).

Nuclear factor-erythroid factor 2-related factor 
2 (Nrf2) is considered as an essential transcription 
factor that controls the expression of many genes 
in the cell in normal and stressed situations as 
inflammatory response, antioxidative defense, 
autophagic mechanism and detoxification. The main 
function of Nrf2 is an antioxidant regulator (Zang, 
Mathew, & Cui, 2020). 

One of the primary indicator genes for antioxidant 
condition is Nrf2. In most types of cancer, there is 
an increase in Nrf2 amounts (HINTSALA et al., 
2016). Translocation of Nrf2 to the nucleus starts 
the transcription of many genes that function as 
antioxidizing agents, detoxifying enzymes, and 
stress response proteins (Fuse & Kobayashi, 2017).

Tumor necrosis factor alpha (TNF-α) is a potent 
pro-inflammatory cytokine. TNF-α participates in 
vasodilatation and edema formation, and leukocyte 
adhesion to epithelium through expression of 
adhesion molecules; it regulates blood coagulation 
and contributes to oxidative stress in sites of 
inflammation (Zelová & Hošek, 2013). 

MATERIALS AND METHODS

Drugs and animals

Arsenic trioxide (As2 O3) was purchased from 
Sigma-Aldrich, ST. USA. A stock solution of As2 

O3 was prepared by dissolving it in 0.12 N HCL 
(0.5 mg/kg body weight). Folic acid was purchased 
from Alpha Chemika Company and zinc chloride 
(ZnCl2) was purchased from Piochem. Twenty-five 
male Wistar albino rats (200-250 gm) were bought 
from Assiut University Joint Animal Breeding Unit. 
Rats were kept in 23±2 ºC and a lighting cycle of 12 
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hours light / dark. The procedures of the experiment 
were conducted in strict compliance with ethics 
prepared by INSA and (WHO/UNESCO). 

Experimental Design

Twenty-five rats were divided into five groups, 
each group consisted of 5 rats: Group (1); served 
as a control without any treatments. Experimental 
groups (2,3 and 4); received a daily oral dose of 3 
mg/kg body weight of As2 O3 for 15 days. Group 
(3); received a daily oral dose of 0.1 mg/kg of folic 
acid for 2 months after first 15 days of As2 O3. Group 
(4); received a daily oral dose of 2 mg/kg of ZnCl2 
for 2 months after first 15 days of As2 O3. After 24 
hours from the last dose, rats were anesthetized 
using ether inhalation, sacrificed, carefully 
dissected and specimens from the mandible were 
processed for Hematoxylin and eosin (H&E), 
immunohistochemical stains and morphometric 
analysis. Perfusion fixation was used, and the 
specimens were fixed in 10% neutral buffered 
formalin and processed for light microscopic study 
(Atia, 2021).

Hematoxylin and Eosin (H&E) staining

The fixed slides were rehydrated in descending 
concentrations of alcohol, washed in distilled water 
for 5 minutes. The slides were immersed in filtered 
hematoxylin stain for 3 minutes and then washed 
with distilled water twice. The slides were immersed 
in filtered eosin stain for 5 seconds and then washed 
with distilled water. Dried slides were immersed in 
xylene, mounted with Canada balsam then cover 
slips were placed and left to dry (Llewellyn, 2009).

Immunohistochemical Staining

For all specimens, 4-microns thick paraffin 
embedded tissue sections were prepared and mounted 
on positively charged glass slides. The sections 
were deparaffinized by warm xylene, rehydrated in 
descending concentrations of alcohol and immersed 
in phosphate buffered saline (PBS). The slides were 

completely immersed in a bath of antigen retrieval 
solution (pH 9). Then slides were incubated by 
PBS and treated by 0.3% H2O2. The primary Anti-
Nrf2 antibody (GTX103322) Genetex Co.-(1:500) 
was applied to cover the sections completely 
followed by incubation at room temperature for 
overnight. Then the slides were washed by PBS. 
The slides were completely covered with secondary 
antibody HRP Envision kit (DAKO) for 20 mins; 
the slides were washed by PBS and incubated with 
diaminobenzidine (DAB) for 10 mins. Washed by 
PBS then counter staining with Hematoxylin Harris, 
dehydration of sections in ascending concentration 
of alcohol and cleared in xylene. Then cover slipped 
for microscopic examination and quantification. 
All steps were repeated with the primary antibody 
tumor necrosis factor alpha Anti-TNFα (Kabiraj, 
Gupta, Khaitan, & Bhattacharya, 2015).

Photomicrography analysis

H&E slides were photographed using a digital 
video camera LEICA DFC295 which was mounted 
on a light microscope in histopathological laboratory 
in Minia University Dental Hospital. Then images 
were transferred to the computer system for analysis. 
Morphometric analysis: All the steps performed for 
immunohistochemical evaluation were carried out 
using image analysis software (ImageJ, version 
1.41). Phase analysis was calculated automatically 
to give the percentage of immunopositivity area to 
the total area of microscopic field. Image analysis 
was performed at the Oral Pathology Department, 
Minia University Dental Hospital.

Statistical analysis

The collected data were tabulated using 
Microsoft Excel (Microsoft Office 2019). The mean 
area fraction for each case was then calculated 
and used for statistical analysis. The data was 
stored and analyzed by SPSS 20 for Windows. 
For immunostaining data, ANOVA test and paired 
sample t-test were used for continuous parametric 
data. Significance level was set as ≤ 0.05.
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RESULTS

H&E results

- Control group: H&E-stained sections of 
pulp in control rats showed pulp tissue with 
peripherally arranged columnar odontoblasts. 
Pulp tissue appeared as loose normal connective 
tissue with numerous fibroblasts and small 
blood vessels (Fig.1a).

- Arsenic treated group: H&E-stained 
sections of pulp in arsenic treated rats showed 
disorganized odontoblasts on pulpal surface of 
dentin. Pulp tissue presented degeneration with 
numerous edematous spaces and extravasated 
blood. Blood vessels appeared widely dilated 

and engorged with red blood cells (Fig.1b).  

- Folic acid treating in arsenic treated group: 
H&E-stained sections in this group presented 
odontoblasts with normal morphology and 
arrangement on pulpal surface of dentin. Pulp 
tissue appeared loose with numerous fibroblasts. 
Absence of extravasated blood was noted while 
blood vessels manifested congestion (Fig.1c).

- Zinc chloride treating in arsenic treated 
group: H&E-stained sections in this group 
showed slightly disorganized odontoblasts with 
slightly congested pulp. Like folic acid group 
no evidence of extravasated blood was noted 
(Fig.1d). 

Fig. (1) : H&E staining for: a. Control group showing normal pulp tissue with small blood vessel, columnar odontoblasts arranged 
on the pulpal surface of dentin (red arrow) and numerous normal pulpal fibroblasts b. Arsenic treated group showing 
disorganized odontoblasts (red arrow), dilated and congested blood vessels, extravasated RBCs and degenerated pulp with 
edematous spaces. c. Folic acid treating in arsenic treated group showing columnar and regularly arranged odontoblastic 
layer (red arrow) and congested blood vessels with no extravasated blood. d. Zinc chloride treating in arsenic treated group 
showing pulp tissue with slightly ill-defined odontoblasts (red arrow) and congested blood vessels with no extravasated 
RBCs (20x).
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Nrf2 Immunohistochemical staining Results: 

- Control untreated group: Odontoblastic 
cell layer showed mostly a negative 
immunoreactivity of Nrf2.  Also, pulp tissue 
showed weak expression of Nrf2 (Fig.2a). 

- Arsenic treated group: Nrf2 had strong 
positive immunoreactivity in cytoplasm and 
nucleus of disorganized odontoblast cell layer. 
Moreover, there was positive immunoreactivity 
in pulp tissue cells (Fig.2b).

- Folic acid treating in arsenic treated 
group: Nrf2 had a negative immunoreactivity 
in odontoblastic cell layer. With faint 
immunoreactivity of Nrf2 in pulp tissue cells 
(Fig.2c).

- Zinc chloride treating in arsenic treated 
group:  Nrf2 had a negative immunoreactivity 
in odontoblastic cell layer. With faint 
immunoreactivity of Nrf2 in pulp tissue cells 
(Fig.2d).  

Fig. (2): Immunohistochemical staining of Nrf2 showing a. Control group showing mostly negative immunoreactivity in odontoblastic 
cell layer and weak immunoreactivity in pulp tissue.  b. Arsenic treated group with strong positive immunoreactivity in 
cytoplasm and nucleus of odontoblastic cell layer. Moreover, there was positive immunoreactivity in pulp tissue cells. c. 
Folic acid treating in arsenic treated group with Nrf2 showing negative immunoreactivity in odontoblastic cell layer. With 
faint immunoreactivity of Nrf2 in pulp tissue cells.  d. Zinc chloride treating in arsenic treated group with Nrf2 showing 
negative immunoreactivity in odontoblastic cell layer. With faint immunoreactivity of Nrf2 in pulp tissue cells. (20x). 
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TNF-α Immunohistochemical staining Results 

- Control untreated group: TNF-α had very 
weak immunoreactivity in pulp tissue with 
negative immunoreactivity in endothelial lining 
of blood vessels (Fig.3a).

- Arsenic treated group: TNF-α had very strong 
positive immunoreactivity in pulp tissue cells 
with positive immunoreactivity in endothelial 
lining of blood vessels (Fig.3b).

- Folic acid treating in arsenic treated group: 
TNF-α had faint immunoreactivity of TNF-α in 
pulp tissue cells with negative immunoreactivity 
in endothelial lining of blood vessels (Fig.3c).

- Zinc chloride treating in arsenic treated group:  

TNF-α had a negative immunoreactivity in pulp 
tissue cells with negative immunoreactivity in 
endothelial lining of blood vessels (Fig.3d). 

Statistical Analysis

Results of immunohistochemical expression of 
Nrf2 in tissues of different groups were compared 
using one way ANOVA. There was a significant 
difference between control group and the other 
groups and between arsenic group treated by folic 
acid and two other treated groups (p= 0.000). But 
the expression of Nrf2 in arsenic treated group and 
arsenic group treated by ZnCl2 was non-significant 
(p=0.47) (Table 1). The mean area fraction of 
control group was the lowest while the arsenic 
treated group was the highest (Fig. 4).   

Fig (3): Immunohistochemical staining of TNF-α showing a. Control group exhibiting very weak immunoreactivity in pulp tissue.  
b. Arsenic treated group with very strong positive immunoreactivity in pulp tissue. c. Folic acid treating in arsenic treated 
group with faint immunoreactivity in pulp tissue.  d. Zinc chloride treating in arsenic treated group showing negative 
immunoreactivity in pulp tissue. (20x).
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Results of immunohistochemical expression of 
TNF-α in tissues of different groups were compared 
using one way ANOVA. There was a non-significant 
difference between control group and arsenic group 

treated by ZnCl2 (p= 0 .768) (Table 2). But the 
expression of TNF-α in arsenic treated group and 
arsenic group treated by folic acid was significant 
(p=0.000) with other groups (Fig. 5).   

Fig. (4): Bar chart showing the mean of area fractions of Nrf2 
between different groups

Fig. (5): Bar chart showing the mean of area fractions of TNF-α 
between different groups

TABLE (1): Dependent Variable: area fraction of Nrf2 expression:

(I) group (J) group
Mean Difference 

(I-J)
Std. Error Sig.

Arsenic treated group Control untreated group 9.245140161* .270860772 .000

Arsenic group treated by folic acid 6.332609910* .267435561 .000

Arsenic group treated by Zncl2 .637137130 .367784208 .470

*. The mean difference is significant at the 0.05 level.

TABLE (2):  Dependent Variable: area fraction of TNF-α expression:

(I) group (J) group
Mean Difference 

(I-J)
Std. Error Sig.

Control untreated group Arsenic treated group -20.012156100-* .124134600 .000

Arsenic group treated by folic acid -15.319223100-* .185503242 .000

Arsenic group treated by Zncl2 .021528900 .016348030 .768

*. The mean difference is significant at the 0.05 level.
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DISCUSSION

Several mechanisms of arsenic toxicity had been 
proposed including oxidative stress, induction of 
apoptosis, inhibition of DNA repair, chromosomal 
aberrations, modification of cellular signaling, 
aberrant gene expression caused by epigenetic 
modifications, and altered phenotype of stem cell 
populations (Dangleben, Skibola Cf Fau - Smith, 
& Smith, 2013).

Oxidative stress is a sensitive indicator of 
toxicity especially for environmental contaminants 
and pollutants (Ahmad, 1995).

The present work revealed massive pathologic 
changes in arsenic treated group summarized in 
disorganization of odontoblastic cell layer together 
with pulp congestion and vacuolar degeneration. 
Folic acid and zinc chloride treated groups showed 
improvement in the morphology and arrangement 
of odontoblasts and apparent decrease in pulp 
congestion.

The type of arsenic used in this study was As2 O3 
(the main type of inorganic arsenic found in Portland 
cement based materials) (De-Deus et al., 2009). 
Our results showing disorganized odontoblasts 
came in accordance with an in-vitro study carried 
on rat pulpal cells using a daily oral dose of 3 mg/kg 
body weight of As2 O3 for 15 days. The study proved 
that exposure of cultured pulpal fibroblasts to As2 

O3 had cytotoxic effect. Pulpal fibroblasts appeared 
contracted with spherical morphology and wide 
intercellular spaces (Nassar et al., 2021). 

Arsenic is known to be able to induce apoptosis 
through the induction of ROS (Rossman, 2003). In 
the absence of phagocytic cells the apoptotic cells 
proceed to secondary necrosis, that has morphological 
features of primary necrotic cells (Krysko, Berghe, 
Parthoens, D’Herde, & Vandenabeele, 2008). 
Our finding suggesting necrotic pulpal cells came 
online with a study which investigated the effect of 
intraperitoneal injection of single dose of 10mg/kg 

As2 O3 on solid murine tumors. Authors found that 
As2 O3 caused central tumor necrosis via vascular 
shut down (Lew, Brown, Griffin, Song, & Kim, 
1999). The mechanism of vascular congestion and 
decrease blood flow to tissues might be contributed 
to the ability of As2 O3 to induce selective endothelial 
cell injury resulting in vascular shut down (Y. M. Li 
& Broome, 1999). 

Oxidative stress through chronic arsenic 
exposure associated with methyl insufficiency and 
loss of DNA methylation in animals may be the 
reason for the histological changes. It is therefore 
believed that oxidative stress is associated with 
tissue architectural change in arsenic poisoning. 
Moreover, the production of ROS has been 
implicated to contribute to cell injury associated 
with AS exposure (Noman et al., 2015).

Our results related to folic acid treated group 
is supported by an investigation carried on male 
rats to clarify the effect of oral supplementation 
of 36 µg/kg/day folic acid upon short term arsenic 
induced systemic and pancreatic islet cells DNA 
damage. Agarose gel electrophoresis of DNA from 
lymphocytes and islet cells in arsenic group showed 
DNA smearing. The latter was proved to be reduced 
with administration of folic acid (Majumdar et al., 
2009). 

Our study outcomes related to alleviation of 
the toxic effect of arsenic on pulpal tissue by 
ZnCl2 might be explained based on the function 
of Zn in protecting biological structure from free 
radical damage (Azzouz et al., 2014). Structures, 
the bioaccumulation of ZnCl2 in digestive glands 
and hemolymph was evaluated. Exposure to ZnCl2 
caused damage to hemocytes and digestive cells 
after 7 days of exposure in concentrations of 0.5 and 
1 mg/L (Pagano et al., 2017).

In the current study, there was a strong 
immunoreactivity of Nrf2 in nucleus and cytoplasm 
of disorganized odontoblastic cell layer in arsenic 
group when compared to other groups. This means 
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that inorganic arsenic significantly activates 
Nrf2 pathway in response to oxidative stress and 
inflammation occurred by toxic arsenic. Our results 
are in agreement with previous studies that reported 
that inorganic arsenic induced Nrf2 pathway in 
hepatocyte cells (Han et al., 2017), endothelial 
cells (Meng et al., 2010) and keratinocytes (Pi, Qu, 
Reece, Kumagai, & Waalkes, 2003). 

Regarding the arsenic group, which was treated 
by folic acid for 2 months, there was a significant 
decrease of Nrf2 expression in nucleus and 
cytoplasm of odontoblast cells when compared 
to arsenic treated group, which indicates that the 
oxidative stress induced by arsenic is decreased. 
Our findings are in accordance with (Ma et al., 
2015) who stated that the folic acid supplementation 
significantly inhibited the formation of ROS in 
arsenic treated cells of rat. 

Concerning the arsenic group, which was treated 
by ZnCl2 for 2 months, the expression of Nrf2 was 
nearly equal to the expression of Nrf2 in the arsenic 
only group (statistically insignificantly). This is 
explained by the importance of Zn in expression 
and transcription function of Nrf2 (B. Li et al., 
2014). Moreover, (Cortese, Suschek, Wetzel, 
Kröncke, & Kolb-Bachofen, 2008) reported that 
the antioxidant property of Zn may be mediated by 
up-regulation of Nrf2.  

Our immunohistochemical results using TNF-α 
in arsenic treated group (statistically significant 
compared to other groups) is supported by a study 
which investigated the effects of arsenic on T cell 
survival and function in mononuclear cells in tissue 
culture. Arsenic was found to induce TNF-α release 
from mononuclear cells and caused a cytotoxic effect 
on T cells pointing to the role of TNF signaling in 
arsenic-induced T helper cell apoptosis (Yu, Liao, 
Chang, Yu, & Chen, 2002).

The common benefits of folic acid in vascular 
diseases depends on enhancing endothelial nitric 
oxide (eNO) production. Folate promotes eNO 

synthesis and exhibits anti-inflammatory effect. 
It stimulates endogenous tetrahydrobiopterin 
(H4B) regeneration (a cofactor necessary for 
eNO synthesis), inhibits intracellular superoxide 
generation, and so increases the half-life of NO 
(Das, 2003).

(Bao et al., 2010) reported that zinc can induce 
antioxidant mechanism and inhibit inflammatory 
cytokines and oxidative stress markers and zinc 
decreased the generation of TNF-α.  (von Bülow et 
al., 2007) stated that zinc can suppress the activation 
of the TNF promoter in intact cells, also zinc inhibits 
TNF release from human monocytes. Application 
of ZnCl2 on arsenic treated group reduces amount 
of inflammation, which is supported by negative 
immunoreactivity of TNF-α in our results. 

In contrast to our results (negative 
immunoreactivity in pulp vasculature), the influence 
of ZnCl2 at 1, 10 and 100 μM concentrations on the 
production of TNF in bovine aorta endothelial cells 
(BAECs) was investigated. Zinc ions were found to 
induce TNF activity (Szuster-Ciesielska, Łokaj, & 
Kandefer-Szerszeń, 2000).

CONCLUSION

As2 O3 has a toxic effect on pulp tissue through 
increasing the ROS. Both folic acid and Zn can 
detoxicate the effect of arsenic on pulp tissue. Folic 
acid decreases the amount of formation of ROS, 
while Zn up-regulate the expression and function 
of Nrf2. ZnCl2 has anti-inflammatory activity 
in arsenic treated pulp tissue. ZnCl2 has a more 
powerful detoxification effect than folic acid in 
arsenic treated pulp tissue. 
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