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Abstract 
Roles of Marigold extracts (ME) on arsenic trioxide (ATO)-induced oxidative 
damage to pancreatic β-cells need to be further elucidated. In this study, NIT-1 
cells were treated with different concentrations of and/or ATO, following by 
the cell viability was detected by CCK8 assay. Then, intracellular reactive 
oxygen species (ROS) levels, lipid peroxide (MDA) contents and superoxide 
dismutase (SOD) activity were measured with a fluorescence probe method 
and colorimetric assay, respectively. The apoptosis rate and morphology was 
detected and observed with hoechst 33,258 staining assay. The mRNA levels 
and protein expressions of nuclear factor E2-related factor 2 (Nrf2) and heme 
oxygenase-1 (HO-1) were measured by real-time fluorescence quantitative po-
lymerase chain reaction and protein immunoblotting assay, respectively. Our 
results indicated that Co-treatment with ME and ATO exacerbated the cell 
viability decreasing reduced by ATO, while the addition of ME after ATO 
treatment effectively promote the recovery of ATO reduced survival rates. 
The ATO group increased apoptosis (P < 0.05), while the ATO + ME-treated 
group alleviated apoptosis caused by ATO (P < 0.05); ROS content was 1.49 
and 1.26 times higher in the ATO and ATO + ME groups, respectively, com-
pared with the control group; SOD activity in the ATO group (69.66 ± 1.97 
U/mg Protein) was significantly lower than that in the SOD activity in the 
ATO group (69.66 ± 1.97 U/mg Protein) was significantly lower than that in 
the control group (85.18 ± 4.57 U/mg Protein) and the ATO + ME group 
(76.82 ± 2.30 U/mg Protein); MDA content in the ATO group (3.78 ± 0.22 
nmol/mg protein) was significantly higher than that in the control group  
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(2.71 ± 0.21 nmol/mg protein) and the ATO + ME group (3.13 ± 0.19 nmol/mg 
protein); the mRNA levels of HO-1 and Nrf2 were elevated in the ATO group 
and ATO + ME-treated group compared with the control group, and the 
trends of protein expression levels of HO-1 and Nrf2 were consistent with the 
trends of mRNA levels. The results of this study suggest that aqueous extracts 
of Marigold may be involved in antagonizing arsenic-induced oxidative dam-
age in pancreatic β-cells by modulating the activation of the Nrf2 signaling 
pathway. 
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1. Introduction 

As a common environmental heavy metal contaminant, arsenic is widely found 
in the natural environment [1]. Epidemiological evidence havs suggested that 
chronic arsenic exposure increased the risk of developing type 2 diabetes [2] [3], 
underlying which the mechanisms related to the arsenic-induced impairment of 
pancreatic β-cell function through increasing the production of reactive oxygen 
species (ROS) and disrupting redox homeostasis [4] [5] [6]. Marigold is a genus 
of plants in the daisy family Marigold, which contains antioxidant compounds 
such as luteolin, phenolics and so forth [7]. Previous studies have reported that 
the Marigolds extracts (ME) was able to remove excess ROS from cells to pre-
vent the oxidation of intracellular biomolecules by oxygen free radicals [8] [9]. 
In addition, ME also has been demonstrated to reduce oxidative damage in kid-
neys caused by anti-tumor medicines [10] [11]. However, does ME antagonize 
arsenic-induced oxidative damage to pancreatic islet beta cells? What are the 
mechanisms involved? No research has been reported so far. 

Nuclear factor erythroid 2-related factor 2 (Nrf2) is an important transcrip-
tion factor that regulates the cellular antioxidant response [12]. Studies have 
shown that Nrf2 mediates the activation of antioxidant signaling pathways and 
plays essential roles in the defense mechanism of pancreatic β-cells against ar-
senic toxicity. Specifically, Nrf2 knockout pancreatic β-cells are more sensitive to 
the toxicity induced by arsenic [13] [14]. In addition, Marigold essential oil against 
N-methyl-N’nitro-N-nitroguanidine (MNNG)-induced gastric cancer tumorige-
nesis through attenuating the oxidative stress, apoptotic response and inflam-
matory response through Nrf2/HO-1 and NF-κB signaling pathways [15]. Also, 
ME reduced colitis severity and ROS levels by inhibiting inflammatory cytokine 
secretion [16]. In a word, present studies have suggested that ME may have an 
activating effect on Nrf2-mediated antioxidant signaling pathway, so can the ME 
affect the arsenic-induced oxidative damage in pancreatic β-cells by influencing 
the level of Nrf2? There is no clarity yet. 
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In this study, cell viability, reactive oxygen species (ROS), superoxide dismu-
tase (SOD), malondialdehyde (MDA), apoptosis were used to assess the reversal 
effects of ME on ATO-induced cell damage. Further, mRNA levels and protein 
expressions of heme oxygenase-1 (HO-1) and Nrf2 were also detected to clarify 
whether the Nrf2 signaling pathway is involved in ME antagonizing arsenic in-
duced oxidative stress. Our experimental results will provide scientific basis for 
the application of ME in the prevention and treatment of arsenic toxicity.  

2. Methods  
2.1. Extraction of Aqueous Extract of Marigold 

Putting the dried flowers of Marigold into the Chinese medicine crusher for 1 
min, and pass the obtained powder of Marigold flowers through a standard 
mesh sieve of 60 mesh to obtain 60 mesh Marigold powder. Weighing 10.0 g of 
60 mesh Marigold powder and 200 mL of distilled water, mix thoroughly, main-
taining for 2 h at 100˚C in a water bath, extracting three times, combining the 
three filtrates and filter. The filtrate was spin-distilled at 45˚C under RE2000 Se-
ries Rotary Evaporator (Shanghai Yarong Biochemical Instrument Factory), un-
til about 1 mL of spin-distilled liquid was in the spin-distillation bottle. The liq-
uid was transferred to a Petri dish with a pasteurized pipette, wrapped in cling 
film and frozen in Scientz-ND Series Vacuum Freeze Dryer (Ningbo Xinzhi 
Biotechnology Co., Ltd.) at −20˚C for 7 h, then put into a freeze-dryer for 12 h to 
obtain a freeze-dried powder of water-soluble ingredients of Marigold, which 
was stored at 4˚C for alternate use.  

Weighing 100 mg of lyophilized powder of Marigold water-soluble ingre-
dients, dissolve in 10 mL of distilled water and prepare 104 mg/L of application 
solution, store at 4˚C for alternate use. 

2.2. Cell Culture 

A pancreatic beta-cell line established from transgenic mice, named NIT-1 cells, 
purchased from Guangzhou Jennio Biotech Co., Ltd. NIT-1 cells were cultured 
in 1640 medium (Life Technologies/Gibco, Grand Island, NY, USA) containing 
10% fetal bovine serum (Biopike Biotechnology Co., Ltd., Beijing, China) and 
100 unit/mL penicillin and 100 mg/L streptomycin in a cell incubator at 37˚C 
and saturated humidity with 5% CO2. Cells were passaged once when they had 
grown to cover about 90% of the wall area of the culture flask. 

2.3. Determination of Cell Viability 

The cell viability was detected with a CCK-8 kit (Nanjing Jiancheng Institute of 
Biological Engineering). NIT-1 cells were seeded into in 96-well plates at density 
of 1 × 105 cells/well, and cultured for 24 h at 37˚C in 5% CO2 incubator. Cells 
were treated with diferent concentrations (0, 0.4, 0.8, 1.6, 3.2, 6.4, 12.8 mg/L) of 
ATO (Arsenic trioxide (As2O3, Beijing Tanmo Quality Control Technology Co., 
Ltd.) and different concentrations (0, 40, 80, 160, 320, 640, 1280 mg/L) of ME for 
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24 h. Then, the toxic liquid was discarded and the cells were incubated in a me-
dium mixed with 10 µL CCK8 solution and 90 µL 1640 at 37˚C, 5% CO2, and 
90% humidity for 4 h. The absorbance was subsequently measured at 450 nm 
with a multifunctional fuorescent plate instrument (SP-Max3500FL, Flash Bio-
technology Co., Ltd., Shanghai, China). Cell survival rate was calculated accord-
ing to cell survival rate = [(experimental hole − blank hole)/(negative control 
hole − blank hole)] × 100%. 

2.4. Hoechst 33,258 Staining 

Hoechst 33,258 staining (Beyotime Institute of Biotechnology, Jiangsu, China) 
was used to evaluate the morphological changes of the cells undergoing apopto-
sis and detect apoptosis rate. NIT-1 cells were seeded into in 6-well plates at 1 × 
106 cells/well, overnight cultured and after the designed treatment, cells were 
fixed and stained with Hoechst 33,258 solution according to the manufacturer 
instructions. Cells were then stimulated by ultraviolet light under a fluorescence 
microscope and photographed in a random 3 - 5 field of view under the micro-
scope. Apoptotic cells were defined by the condensation of nuclear chromatin, 
fragmentation, or margination to the nuclear membrane. We counted 200 cells 
under the microscope and recorded the number of apoptotic cells. Apoptosis 
rate (%) was equal to apoptotic cell number/200 × 100%. 

2.5. Measurement of Reactive Oxygen Species (ROS) Generation 

The intracellular ROS was detected using a reactive oxygen detection kit (Shang-
hai Beyotime Biotechnology Co., Ltd). According to the manufacturer’s instruc-
tion, NIT-1 Cells were seeded into in 6-well plates at 1 × 106 cells/well, overnight 
cultured and after the ATO and ME treatment, adding 1000 μL of culture me-
dium containing DCFH-DA probe with concentration of 10 μmol/L to each well 
and incubate for 20 min in the dark at 37˚C. Afterward, cells were washed twice 
with cold PBS followed by observing and photographing in a random 3 - 5 field 
of view under a fluorescence microscope (Olympus Corp, Tokyo, Japan). Aver-
age ROS fluorescence intensity = total optical density/cell area. 

2.6. Detection of Superoxide Dismutase (SOD) Activity  

Total SOD activity was determined with a SOD assay Kit (Shanghai Beyotime 
Biotechnology Co., Ltd). NIT-1 cells were seeded into in 6-well plates at 1 × 106 
cells/well, overnight cultures, followed by the prescribed treatment, sample 
loading, incubation and detection were carried out according to the steps in the 
manufacturer. The activities of SOD were standardized by protein concentra-
tions, which were determined by the BCA Protein Assay Kit (Shanghai Beyotime 
Biotechnology Co., Ltd). The total SOD activity was normalized by the protein 
concentrations. 

2.7. Malondialdehyde (MDA) Content Assay 

MDA was tested with MDA assay Kit (Shanghai Beyotime Biotechnology Co., 
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Ltd). NIT-1 Cells were seeded into in 6-well plates at 1 × 106 cells/well, after an 
overnight culture and the prescribed course of therapy, cells were harvested and 
lysed in lysis bufer (Shanghai Beyotime Biotechnology Co., Ltd) for 10 min at 
4˚C. Afterward, cell suspension was centrifuged at 13,000 rpm for 10 min and 
cell supernatants were collected for detecting the content of MDA. Following the 
manufacturer’s instructions for sample loading, incubation, and detection, the 
MDA content has been standardized by protein concentrations, which were de-
termined by the BCA Protein Assay Kit (Shanghai Beyotime Biotechnology Co., 
Ltd). The content of MDA was normalized by the protein concentrations. 

2.8. Fluorescence Quantitative Real‑Time Polymerase Chain  
Reaction (qPCR) 

Total RNAs were isolated using a total RNA extraction kit (Tiangen Biotech, 
Beijing Co., Ltd, China). The quality and concentration of total RNAs were eva-
luated by ultra-micro ultraviolet-visible spectrophotometer (Hangzhou Suizhen 
Biotechnology Co., Ltd). For specific RNA sample, ratio of A260/A230 and A260/A280 
both between 1.8 and 2.2 has been considered qualified and can be used for sub-
sequent experiments. Qualified RNA sample was then reversed transcription to 
obtain the DNA sample, closely followed by 200 ng cDNA template for PCR 
amplification. The reaction conditions were as follow: 95˚C for 15 min 1 cycle 
(pre-denaturation), 95˚C for 10 s 40 cycles (denaturation), 60˚C for 32 s 40 
cycles (annealing/extension). All the primers for mRNAs were synthesized by 
Shanghai Generay biological engineering Co., Ltd. (Shanghai, China), and the 
sequences of each primer were listed in Table 1. The glyceraldehyde-3-phos- 
phate dehydrogenase gene (GAPDH) was used as the internal control and levels 
of mRNA were calculated by the equation 2−ΔΔCt (ΔCt = CtmRNA − CtGAPDH, ΔΔCt 
= ΔCtTreatment − ΔCtControl). 

2.9. Western Blot Analysis 

The protein expression of apoptosis-related proteins was detected by Western 
Blot analysis, the protein concentrations were determined by the BCA Protein 
Assay Kit (Shanghai Beyotime Biotechnology Co., Ltd). Subsequently, equal  
 
Table 1. Real-time PCR primer sequences. 

Primer names Primer sequences 

GAPDH 
F-AGGTCGGTGTGAACGGATTTG 

R-TGTAGACCATGTAGTTGAGGTCA 

Nrf2 
F-TCAGCGACGGAAAGAGTATGA 

R-CCACTGGTTTCTGACTGGATGT 

HO-1 
F-AAGACTGCGTTCCTGCTCAAC 

R-AAAGCCCTACAGCAACTGTCG 
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amounts of protein (60 μg) separated by 12% sodium dodecyl sulfate polyacry-
lamide gel electrophoresis (SDS-PAGE) and transferred onto polyvinylidene 
difluoride (PVDF) membranes (Millipore, MA, USA). The membrane was then 
blocked with 5% non-fat milk for 2 h and incubated with primary antibodies 
against HO-1 and Nrf2 (1:500) (Beijing solarbio Technology Co., Ltd.,) and 
GAPDH (1:1000) antibody (Shanghai Jereh Bioengineering Co., Ltd.) overnight 
at 4˚C. The membranes were further incubated with horseradish-peroxidase- 
conjugated secondary antibodies (ZSGB Bio, Beijing, China, 1:6000) at room tem-
perature for 1 h. The immuno-reactivity zone was observed with enhanced che-
miluminescence reagent (Millipore, temecula, CA) and displayed with JS-M6 
chemiluminescence imaging system. Image J software was utilized to analyze the 
average optical density of protein bands and GAPDH was used as the internal 
reference to correct the grayscale value of the target band protein. The relative 
expression level of the protein was equal to the grayscale value of the measured 
band/the grayscale value of the internal reference. The protein expression of the 
control group was used to correct the results. 

2.10. Statistical Analysis 

All experiments were repeated three times independently, and the results were 
presented as mean ± standard deviation (SD). Differences among groups were 
performed by using one-way analysis of variance (ANOVA) analysis. Student- 
NewmanKeuls (SNK) test was used to compare the means of two independent 
groups. Non-parametric Kruskal-Wallis test was used when the original data 
were under variance heterogeneity. Statistical significance was set as P < 0.05. All 
statistical analysis were performed using the Statistical Program for Social Sciences 
(SPSS), version 20.0 (SPSS, Inc., Chicago, IL, USA). 

3. Results  
3.1. Antagonistic Effects of ME on ATO-Induced the Cell Viability 

in NIT-1 Cells 

As shown in Figure 1(a), after treatment with 0.4 mg/L ATO, the cell viability 
decreased in a dose-dependent way. In Figure 1(b) ME at 40 mg/L and 80 mg/L 
increased cell viability, from 100% to 105.12% and 111.64%, respectively, and the 
concentrations of ME above 80 mg/L decreased cell viability, as well as in a 
dose-dependent way. Notably, as shown in Figure 2(a) and Figure 2(b), com-
bination of ME and ATO synergistically reduced the cell viability of NIT-1 cells 
to 38.60%, showing lower cell survival rate than those of single ME or ATO 
treated groups. These results indicate that combination of ME with ATO is ca-
pable to increase the sensitivity of ATO for killing NIT-1cells. However, when 
ME treatment was given 24 h after ATO treatment, the cell survival rate was 
higher than that of the ATO group, changing from 67.68% to 78.20%. These re-
sults indicate that ME was able to reverse the killing effect of ATO on NIT-1 
cells. This treatment was used in subsequent experiments. 
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(a)                                    (b) 

Figure 1. Effect of ATO and ME on cell viability. (a) Effect of different concentrations of 
ATO on cell viability; (b) Effect of different concentrations of ME on cell viability. *: sta-
tistically significant difference with control group, P < 0.05. 

3.2. Antagonistic Effects of ME on ATO-induced Cell Apoptosis in 
NIT-1 Cells 

In the Hoechst 33,258 fluorescent staining assay, the nuclei of control cells and 
ME-treated cells showed an oval round shape with homogenous intensity and 
were very lightly stained, whereas cells treated with ATO were found in a con-
densed and/or fragmented shape with irregularity and bright staining (Figure 
2(c)). These apoptotic morphological changes showed greater difference in cells 
simultaneously treated with higher doses of ATO. As shown in Figure 2(d) and 
Figure 2(c), there was no significant difference between the ME group and the 
control group in apoptotic morphological changes, and there was no significant 
difference in the apoptotic rate between the two groups (p > 0.05). After ME 
treatment, the morphological changes of apoptosis induced by ATO decreased 
significantly, and the apoptosis rate decreased. The rate of apoptosis in the ATO 
group was 2.88 times of that in the control group, whereas, after ME treatment, 
the rate of apoptosis in the ME + ATO group was 2.11 times of the control 
group. These results indicate that ME treatment can reverse ATO-induced apop-
tosis. 

3.3. Antagonistic Effects of ME on ATO-induced Oxidative Stress in 
NIT-1 Cells  

As shown in Figure 3(a), ATO exposure led to the accumulation of reactive 
oxygen species, but ME treatment facilitated the ATO-induced removal of ROS. 
Fluorescence quantitative results further showed that treatment with ATO and 
ATO + ME led to an 49% and 29% increase on ROS production in comparison 
to control cells (Figure 3(b)).  

In order to comprehensively evaluate the degree of oxidative damage, we fur-
ther detected the SOD activities and MDA contents in ME-treated, ATO-treated 
and ATO + ME-treated NIT-1 cells. The results demonstrated that SOD activ-
ity respectively were 95.98 U/mg protein, 69.66 U/mg protein, or 76.82 U/mg  
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(a)                                 (b) 

 
(c) 

 
(d) 

Figure 2. Effect of ME on ATO-induced cell viability and apoptosis. (a) ATO and ME 
co-treatment; (b) The ATO is treated 24 h prior to joining the ME; (c) Apoptosis; (d) 
Apoptosis rate. *: statistically significant difference between representative and control 
groups, P < 0.05. **: statistically significant difference between the two groups, P < 0.05. 
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(a) 

    
(b)                                    (c) 

 
(d) 

Figure 3. Antagonistic effects of ME on ATO-induced oxidative stress. (a) Comparison 
graph of ROS; (b) Percentage of ROS; (c) SOD level; (d) MDA level. *: statistically signif-
icant difference compared to the control group, P < 0.05. **: statistically significant dif-
ference between two groups, P < 0.05. 
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protein in NIT-1 cells which was exposed to ME, ATO and ATO + ME. SOD ac-
tivity was lower in the ATO and ATO + ME groups than that in the control 
group (85.18 U/mg protein), and it was higher than that in the ATO + ME group 
when compared to the ATO group (Figure 3(c)). By contrast, MDA contents 
were 3.78 ± 0.22 nmol/mg protein and 3.13 ± 0.19 nmol/mg protein in ATO and 
ME + ATO treatment cells (Figure 2(c)). MDA levels were higher in the ATO 
and ATO + ME groups than that in the control group (2.71 ± 0.21 nmol/mg 
protein), while lower in the ATO + ME group in comparison to the ATO group. 

3.4. Antagonistic Effects of ME on ATO-Induced HO-1 and Nrf2 
mRNA Levels 

An increase in Nrf2 and HO-1 mRNA levels was clearly observed in the ATO 
group, while Nrf2 and HO-1 mRNA levels were lower in the ME + ATO group 
compared to the ATO group, as shown in Figure 4. For ATO group and ME + 
ATO group, the HO-1 mRNA levels were 21.65-fold and 8.17-fold of untreated 
group respectively (P < 0.05), the Nrf2 mRNA levels were 3.05-fold and 1.42-fold 
of untreated group respectively (P < 0.05). Incidentally, both Nrf2 and HO-1 
mRNA levels of the ME group were slightly lower than in the untreated group. 

3.5. Antagonistic Effects of ME on ATO-induced HO-1 and Nrf2 
Protein Levels  

As illustrated in Figure 5, protein expressions of Nrf2 and HO-1 have similar 
tendencies to the changes of mRNA levels. In detail, the protein of Nrf2 in con-
trol group, ME group, ATO group and ATO + ME group was 1-fold, 1.01-fold, 
1.84-fold and 1.39-fold, respectively. Also, HO-1 was increased after treatment 
with ATO and ATO + ME in comparison to control group (1.84-fold, 1.39-fold). 
 

       
(a)                                     (b) 

Figure 4. Antagonistic effects of ME on ATO-induced HO-1 and Nrf2 mRNA levels (a) 
HO-1 mRNA expression level; (b) Nrf2 mRNA expression level. *: statistically significant 
difference compared with the control group, P < 0.05; **: statistically significant differ-
ence between the two groups, P < 0.05. 
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(a) 

 
(b) 

Figure 5. Antagonistic effects of ME on ATO-induced HO-1 and Nrf2 protein levels. (a) 
Immunoblotted protein bands; (b) Relative protein expression levels. *: statistically sig-
nificant difference compared with the control group, P < 0.05. **: statistically significant 
difference between the two groups, P < 0.05. 

4. Discussion 

Arsenic-induced cytotoxicity is a fundamental cause of the development of ar-
senic-related diseases [17], and long-term exposure to arsenic can increase the 
risk of type 2 diabetes. The mechanism involved may be related to the functional 
impairment of pancreatic β cells induced by arsenic [4] [5]. Previous studies 
have shown that arsenic caused liver injury by inducing oxidative stress in nor-
mal liver cells (MIHA cells) [18]. Exists a comparable mechanism for islet cells? 
Arsenic exposure in animal models was associated with dysfunction in a variety 
of cell types and tissues, including liver and islets, according to Beck et al. Moreo-
ver, oxidative stress is the most detrimental consequence of arsenic exposure on 
islet cells in vitro and/or in vivo, resulting in islet dysfunction [19]. In accor-
dance with this conclusion, our results also suggest that arsenic exposure induces 
oxidative damage to NIT-1 cells (Figure 3), suggesting that arsenic may induce 
type 2-diabetes by damaging islet cells. 

Due to its pharmacological properties, the traditional Chinese herb marigold 
is widely used for the prevention and treatment of various diseases [20]. Recent 
research has revealed that marigold contains a high concentration of nutrients, 
including luteolin and phenolics [8] [9] [21]. Marigold extracts have potent an-
tioxidant activity, which is primarily attributable to the presence of polyphenolic 
active substances in Marigold [9], which is one of the plant polyphenols and a 
complex phenolic secondary metabolite found primarily in the leaves, fruits, 
roots, and bark of plants [21]. Plant polyphenols have a long history of research 
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and have been shown to have powerful antioxidant effects, anti-tumor, anti- 
bacterial, anti-atherosclerosis, and other physiological functions; they are consi-
dered the “health guards” of nature and humanity [22]. However, it has not been 
determined whether polyphenol-rich Marigold can counteract the oxidative 
damage induced by arsenic. Therefore, we treated NIT-1 cells with ME and ATO 
to determine the antagonistic effect of Marigold on arsenic-induced oxidative 
damage. 

In this study, ME at low concentrations (80 mg/L) promoted the viability of 
NIT-1 cells; however, above 80 mg/L, a dose-dependent decrease in cell viability 
was observed, indicating that ME at high concentrations still had some delete-
rious effects on cells. Co-treatment with 80 mg/L ME and 3.2 mg/L ATO re-
sulted in a greater NIT-1 cell death than ATO alone. However, the addition of 
ME after 24 h of ATO treatment effectively reversed the cell mortality induced 
by ATO, indicating that ME could be used as a therapeutic agent for arsenic 
toxicity in clinical practice, although caution should be exercised when deter-
mining the dose. 

It is well known that Nrf2 is an important transcription factor regulating cell 
redox balance [12] [23], and HO-1 is one of the antioxidant enzymes activated 
by Nrf2 [24] [25]. Studies have shown that during ROS formation, the activation 
of the Nrf2 signaling pathway is of great significance for maintaining pancreatic 
β cell function [26]. In addition, Zheng et al. discovered that the intestinal me-
tabolite of ellagitannin (a plant polyphenol), urea B (UB), promoted nuclear 
translocation of Nrf2 during Ischemia/reperfusion injury, and that Nrf2 gene si-
lencing diminished the protective effect of UB on superoxide production and 
apoptotic cell death [27]. Tea polyphenols consistently protect endogenous do-
pamine neurons by inhibiting endogenous dopamine oxidation, scavenging 
ROS, and modulating the Nrf2-Keap1 pathway, according to Zhou et al. [28]. 
These studies indicate that plant polyphenols can restore oxidative damage via 
the Nrf2 signalling pathway. Previous reports have confirmed that arsenic expo-
sure can activate the Nrf2 signaling pathway [29] [30]. So, for Marigold, which is 
also rich in plant polyphenols, does the Nrf2 signalling pathway play a specific 
function in promoting recovery from arsenic-induced oxidative damage? The 
mRNA and protein expression levels of Nrf2 and HO-1 substantially increased 
in NIT-1 cells following ATO treatment, suggesting that exposure to arsenic ac-
tivated the Nrf2 signalling pathway. In contrast, after Marigold treatment, the 
mRNA and protein expression levels of Nrf2 and HO-1 decreased. Marigold 
aqueous extract was hypothesised to have an activating effect on the Nrf2 signal-
ling pathway. In conclusion, the mRNA and protein expression levels of Nrf2 
and HO-1 decreased following Marigold treatment, and the arsenic-induced 
oxidative damage in pancreatic-cells was ameliorated, indicating that Marigold 
aqueous extract may inhibit the arsenic-induced oxidative damage in NIT-1 cells 
by regulating the Nrf2 signalling pathway. Our experimental results showed that 
Marigold extract has certain antioxidant properties, and can antagonize the cell 
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damage caused by arsenic induced oxidative stress of NIT-1, and arsenic treat-
ment will induce oxidative damage of islet cells, which may lead to type 2 di-
abetes. The appearance of marigold water extract alleviates the oxidative damage 
caused by arsenic treatment to a certain extent, and can be used as an easily 
available antioxidant to alleviate the oxidative stress damage caused by arsenic 
treatment in the future. 

5. Conclusion 

In summation, our results indicated that Marigold water extract could repair the 
arsenic-induced damage to islet cells. Further analysis revealed that the mRNA 
and protein levels of Nrf2 and HO-1 were lower in the ATO + ME group com-
pared to the ME group. By regulating the Nrf2/HO-1 pathway, it is hypothesized 
that ME can effectively repair the oxidative damage caused to NIT-1 cells by 
ATO. This provides a novel concept for the future clinical treatment of acute ar-
senic toxicity. 
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