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Objective: NAD(P)H: quinone oxidoreductase 1 (NQO1) is important in xenobiotic and 
carcinogenic detoxifications. NQO1-mediated detoxification of quinones is thought to be an 
important strategy for cancer chemoprevention. The objective of this study was to determine the 
expressional levels of liver NQO1 that could be observed by administration of an equal dose (50 
mg/kg) of five different dietary chemicals (sulforaphane, quercetin, curcumin, butylated 
hydroxyanisole, indole-3-carbinol) to mice. 
Methods: Adult male ICR white mice were divided into 8 groups (n=6 per group) i.e. normal 
control, sulforaphane, quercetin, curcumin, butylated hydroxyanisole, indole-3-carbinol, vehicle 1 
control and vehicle 2 control groups. The chemicals were administered intraperitoneally for 14 days 
at a dose of 50 mg/kg body weight. At day 15, mice were sacrificed and their livers harvested. Total 
RNA was extracted, reverse transcribed and subjected to quantitative real-time PCR to detect 
NQO1 gene expression. Agarose gel electrophoresis was performed to verify the specificity of 
amplification. Western blots were performed to detect NQO1 protein expression.  
Results: There was 3.1-, 1.5-, 2.2-, 2.5- and 2.5-fold increase in mice liver NQO1 gene expression 
after treatment with 50 mg/kg sulforaphane, curcumin, quercetin, indole 3 carbinol and butylated 
hydroxyanisole respectively (P<0.05). The results also showed that NQO1 protein expression in 
the livers of mice treated with 50 mg/kg sulforaphane, curcumin, quercetin, indole-3-carbinol and 
butylated hydroxyanisole was increased by 2.3-, 1.7-, 1.8-, 1.9- and 1.9-fold respectively (P<0.05).  
Conclusions: At the dose of 50 mg/kg, sulforaphane exhibited the highest level of liver NQO1 
expression, followed by indole-3-carbinol and butylated hydroxyanisole (equivalent expression 
levels), quercetin and curcumin. 
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Introduction 

Cancer chemoprevention is one of the most practical measures to reduce the burden of cancer in this world. Cancer 
chemoprevention as a research entity was first initiated in the 1960’s where its possibility for success was made popular by 
Dr. Lee Wattenberg [1]. A host of substances, mainly natural products, had been found to possess chemopreventive potential. 
The most promising substances with potential to prevent or inhibit carcinogenesis include phytochemicals derived from various 
medicinal plants [2]. 
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NAD(P)H: quinone oxidoreductase-1 (NQO1) is a widespread flavoprotein that acts as an antioxidant  enzyme [3]. The enzyme 
increases the chemical reaction rate of the two-electron  reduction  of  quinones  to  hydroquinones,  thus averting a one-
electron reduction and the related redox cycling which produces a reactive oxygen species (ROS) [4]. Some of the functions 
of NQO1 include xenobiotic detoxification, superoxide scavenging and preservation of  endogenous antioxidant vitamins [3]. 
The antioxidant role of NQO1 was particularly important in situations where the disruption of the NQO1 gene or genetic 
polymorphism raised the threat of chemical-induced toxicity and cancers [5,6,7]. 

Previous studies had suggested that cancer chemoprevention was due to consistent intake of dietary phytochemicals which 
were able to induce phase II enzymes, including NQO1 [2]. The dietary chemicals used in this study include curcumin (CUR), 
indole-3-carbinol (I3C), sulforaphane (SUL), butylated hydroxyanisole (BHA) and quercetin (QRC) (Table 1). In this study, 
we examined the expression of NQO1 gene and protein in the livers of mice treated with equal dose (50 mg/kg body weight) 
of sulforaphane, curcumin, quercetin, butylated hydroxyanisole and indole-3-carbinol for 14 days using quantitative real-PCR 
and Western blotting. Therefore, the objective of this study is to determine which of these chemicals could induce NQO1 
expression level at the highest if given at equal doses.       

                 

Table 1. Structures of dietary chemicals that were studied 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 

 
Materials and Methods 
 
 
Chemicals and reagents 
 
Primers were purchased from Vivantis Technologies (Oceanside, CA, USA). TRIzol Reagent was purchased from Life 
Technologies (Carlsbad, California, USA). iScriptTM cDNA Synthesis kit and iQTM SYBR Green Supermix (2X) were 
purchased from Bio-Rad (Hercules, California, USA). Sulforaphane was purchased from Santa Cruz Biotechnology (Paso 
Robles, California, USA). Gel Red Nucleic Acid Gel Stain (10,000X in water) was purchased from Biotium (Hayward, 
California, USA). NQO1 rabbit polyclonal primary antibody and β-actin rabbit polyclonal primary antibody were purchased 
from Abcam Biotechnology (Cambridge, UK). Secondary antibody (goat anti-rabbit IgG) were purchased from Santa Cruz 
Biotechnology (Paso Robles, California, USA. Chemiluminescence Western blotting detection reagents were from GE 
Healthcare (Uppsala, Sweden). Nitrocellulose membrane and Ponceau S solution were purchased from Sigma-Aldrich (Seelze, 
Germany). Sulforaphane was purcased from Santa Cruz Biotechnology (Paso Robles, California, USA). Curcumin, quercetin, 
I3C, BHA and all other chemicals were purchased from Sigma-Aldrich (St. Louis, Missouri, USA).  
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Animals treatment 
 

48 adult male ICR white mice (25–30 g) were divided into 8 groups: normal control group (n=6), sulforaphane treated group 
(n=6), quercetin treated group (n=6), curcumin treated group (n=6), BHA treated group (n=6), I3C treated group (n=6), vehicle 
1 control group (n=6) and vehicle 2 control group (n=6). All chemicals were administered intraperitoneally at a dose of 50 
mg/kg body weight for 14 days. Vehicle 1 (DMSO, Tween 20 and normal saline at a ratio of 0.05:0.1:0.85) was used to 
dissolve sulforaphane, quercetin and curcumin. Vehicle 2 (corn oil) was used to dissolve BHA and I3C. At day 15, the animals 
were sacrificed and their livers isolated. The animal study protocol was approved by the University Kebangsaan Malaysia 
Animal Ethics Committee (UKMAEC), and the approval code is: FP/FAR/2012/AZMAN/23-MAY/442-JUNE-2012-JUNE-
2015. 

RNA Extraction   

Total RNA from frozen liver tissues was isolated using TRIzol reagent, according to the manufacturer’s instructions. Isopropyl 
alcohol (Sigma, USA) was added in each extraction step to precipitate the total RNA. Extracted total RNA pellet was then 
washed with 75% ethanol and dried before being dissolved in RNase free water. Total RNA was stored at -800C immediately 
after extraction. Concentration and purity of the extracted RNA were determined by NanoDrop spectrophotometer 2000c 
(Thermo Scientific, USA) at a wavelength of 260 nm (OD260). RNA with RNA integrity number (RIN) ranging from 7 to 10 
and absorbance ratio of A260 to A280 ranging from 1.5 to 2.0 was used for cDNA synthesis. 
 

Reverse transcription  

Generation of cDNA from RNA was done using iScript cDNA synthesis kit (Bio-Rad, USA) according to the manufacturer's 
instructions. Briefly, a volume of total RNA (containing 1 μg) from each sample was added to a mixture of 4 µl of 5X iScript 
reaction mix, 1 µl of iScript reverse transcriptase, and a volume of nuclease-free water in a total volume of 20 μl. The final 
reaction mix was kept at 25°C for 5 min, 42°C for 30 min, and heated to 85°C for 5 min in a thermocycler (TC-412, Techne, 
Barloworld Scientific, UK). The cDNA was then used as a template for amplification by PCR. 
 

Quantification of NQO1 gene expression by quantitative real-time PCR 

Quantitative real-time PCR was performed on the MiniOpticon cycler (Bio-Rad, USA). The total reaction volume used was 
20 μl, consisting of  1μl of 10μM forward primer and 1μl of 10μM reverse primer (500 nM final concentration of each primer), 
10.0 μl of iQTM SYBRGreen Supermix (2X) (Bio-Rad, USA), 6.0 μl of nuclease-free water and 2.0 μl of cDNA. Both forward 
and reverse primers for the genes of interest in this study were designed according to previous studies and synthesized by 
Vivantis Technologies (Oceanside, CA, USA). The primer sequences for our gene of interest are shown in Table 2. The 
thermocycling conditions were initiated at 95°C for 30 sec, followed by 40 PCR cycles of denaturation at 95°C for 15 sec and 
annealing/extension at 60°C for 30 sec. At the end of each cycle, a melting curve (dissociation stage) was performed in order 
to determine the specificity of the primers and the purity of the final PCR product. All the measurements were performed in 
triplicate and no-template controls (NTC) were incorporated onto the same set of PCR tubes to test for the contamination by 
any assay reagents. Threshold cycles were determined for each gene and quantification of templates was performed according 
to the relative standard curve method. The relative gene expression (∆∆Ct) technique, as defined in the Applied Biosystems 
User Bulletin No. 2 [8] was used to analyse the real-time PCR data. In short, the expression level of each target gene was given 
as relative amount normalized against GAPDH standard controls. Subsequently, agarose gel electrophoresis was performed to 
determine the reliability of the melting curve analysis and to confirm the size of the PCR product. Briefly, electrophoresis was 
performed using 1% agarose gel in order to separate the real-time PCR products. GelRedTM nucleic acid gel stain (Biotium, 
USA) was used to stain the gels for 30 min and the gels were subsequently de-stained in distilled water for 30 min. Bands were 
then visualized under ultraviolet light using a gel documentation system (FluorChem FC2, Alpha Innotech, USA).                                                                     

 
Table 2. Primer sequence for GAPDH and NQO1 

 

Gene 
description 

Accession No. Primer sequence 
Reference 

 

GADPH NM_008084 
F: 5’-GTGGAGTCTACTGGTGTCTTCA-3’ 
R: 5’-TTGCTGACAATCTTGAGTGAGT-3’ 

Kong et al., 
2007 [54] 

NQO1 NM_008706 
 

             F: 5’-GCATTGGCCACAATCCACCAG-3’ 
R: 5’-ATGGCCCACAGAGAGGCCAAA-3’ 

Leung et al., 
2003 [55] 
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Western blotting 

Frozen tissue samples (100 mg) were homogenized in 0.5 ml of RIPA buffer containing 10 μl PMSF solution, 10 μl sodium 
orthovanadate solution and 10 μl protease inhibitor cocktail solution per 1 ml of 1X RIPA Lysis buffer. Briefly, 0.1 g of frozen 
mouse liver was washed with phosphate buffer, and then lysed by using 0.5 ml of RIPA lysis buffer [RIPA buffer and protease 
inhibitor cocktail (Santa Cruz Biotechnology, USA)] to extract the protein from cytosol. After centrifugation at 13,000 × g for 
30 min at 40C, supernatants were collected and soluble protein concentrations were determined by the Lowry method using 
bovine serum albumin as a standard [9]. Gel electrophoresis was carried out using 10% Novex® Bis-Tris gels (Life 
Technologies, USA). Briefly, 100 µg of protein loaded per well and subjected to electrophoresis using MOPS running buffer 
at 150 V for 60 min. Wet transfer of proteins onto nitrocellulose membranes was made using a transfer buffer solution 
containing 30 mM Tris- HCl, 200 mM glycine, and 10 % (v/v) methanol at 100 V for 1 h. Following transfer, membranes were 
blocked for 20 min at room temperature in blocking solution containing 150 mM NaCl, 3 mM KCl, 25 mM Tris, 0.1% (v/v) 
Tween 20, 10% non-fat dry milk powder (pH 7.4). After blocking, membranes were incubated for another 1 h at room 
temperature with either primary polyclonal rabbit NQO1, or primary polyclonal rabbit anti-mouse actin. Antibodies specific 
to NQO1 and actin were used at dilutions of 1:10.000 and 1:5000, respectively. Subsequently, membranes were incubated 
with peroxidase-conjugated goat anti-rabbit IgG secondary antibody [1:5000 (v/v) dilution] for another 60 min and then blots 
were developed using the enhanced chemiluminescence method according to the manufacturer’s instructions (GE Healthcare, 
Uppsala, Sweden). Bands were visualized using a gel documentation system (FluorChem FC2, Alpha Innotech, USA) and 
band densities were quantified using ImageJ tools software. 
 

Statistical analysis 

Data were expressed as mean ± SEM. For normally distributed data, significant differences between mean values of multiple 
groups were determined using one-way analysis of variance (ANOVA) with Tukey’s HSD post-hoc test. Data not normally 
distributed was analyzed using the Kruskal–Wallis and Mann-Whitney test. Statistical analysis was conducted using the SPSS 
software version 22. Differences were considered significant at p < 0.05. 

 

Results 

Liver NQO1 gene expression 

The gene expression levels of NQO1 in mice liver following administration of 50mg/kg SUL, CUR, QRC, BHA and I3C for 
14 days in mice is shown in Figure 1. NQO1 gene expression in the liver was measured using quantitative real-time PCR. 
NQOI levels were normalized to GAPDH as housekeeping gene. Administration of 50 mg/kg SUL, CUR, QRC, BHA and I3C 
caused a significant increase in fold change of NQO1 expression levels (3.1-, 1.5-, 2.2-, 2.5- and 2.5-fold increase respectively) 
compared to controls (P<0.05). 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  (A) Effect of 50 mg/kg SUL, CUR, QRC, BHA and I3C on NQO1 gene expression in mice liver as assayed by 
qPCR. GAPDH served as the housekeping gene. Data is expressed relative to controls as mean ± SEM. Asterisks (*) indicate 
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statistically significant difference from control groups (P<0.05). (B) Agarose gel electrophoresis was also performed to 
determine the reliability of the melting curve analysis and to confirm the size of the PCR product.  
SUL: sulforaphane, CUR: curcumin, QRC: quercetin, BHA: butylated hydroxyanisole, I3C: indole-3-carbinol, VH1: vehicle 
control 1, VH2: vehicle control 2, NC: normal control.  
 
Liver NQO1 protein expression 

The expression levels of NQO1 protein in mice liver following administration of 50mg/kg SUL, CUR, QRC, BHA and I3C 
for 14 days in mice is shown in Figure 2. NQOI levels were normalized to β-actin as housekeeping protein. The band intensity 
obtained for NQO1 was optimized to that of β-actin and the value of fold-expression in the graph is expressed relative to 
controls. The results showed that SUL, CUR, QRC, BHA and I3C significantly induced NQO1 protein expression by 2.3-, 
1.7-, 1.8-, 1.9- and 1.9-fold respectively, compared to controls (P< 0.05).                                                                                                     

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Effect of 50 mg/kg SUL, CUR, QRC, BHA and I3C on NQO1 protein expression in mice liver as assayed by Western 
blotting. The graph represents the average optical density of bands (mean ± SEM) from three different biological replicates of 
Western blot experiments, relative to controls. β-actin served as the housekeeping protein. Asterisks (*) indicate statistically 
significant difference from control groups (P<0.05).  
SUL: sulforaphane, CUR: curcumin, QRC: quercetin, BHA: butylated hydroxyanisole, I3C: indole-3-carbinol, VH1: vehicle 
control 1, VH2: vehicle control 2, NC: normal control. 
 

Discussion 

In this study, we examined the effects of an equal dose (50 mg/kg) of five dietary chemicals with different chemical structures 
on NQO1 gene and protein expression in mice liver. Therefore, the difference in ability of several chemicals widely found in 
our diet to induce the expression of NQO1 could be ascertained. We discovered a significant increase in the fold change of 
NQO1 gene and protein expression in the dietary chemicals-treated groups, compared to control groups. We found that 
although all the dietary chemicals increased NQO1 expression significantly, sulforaphane induced NQO1 expression the 
highest.  

Sulforaphane has received much attention over the past decade, when it was found to be one of the most potent naturally-
occurring inducer of phase II enzymes in both animals and humans [10-12]. The induction of phase II gene expression and 
enzyme activity by sulforaphane has been shown in several cell lines of (e.g. human hepatoma HepG2 and mouse hepatoma 
Hepa1c1c7 cells) [13-15]. NQO1 was induced by 3-fold in murine hepatoma cells (Hepa1c1c7) after they were treated with 
increasing levels of sulforaphane for 24 hours [16]. At an oral daily dose of 15 µmol/mouse administered to mice for 5 days, 
NQO1 was observed to be increased in the liver, forestomach, glandular stomach, proximal small intestine and lungs [12]. 
NQO1 induction is postulated to be one of the main mechanisms where sulforaphane provides protection against oxidative 
stress toxicity in normal cells. Activation of phase II enzymes by sulforaphane occurs not only in cancer cells, but also in their 
normal counterpart and non-transformed cell lines. This was exemplified by highly induced NQO1 protein expression levels 
due to sulforaphane treatment in non-transformed rat RL34 epithelial cell line [17]. 
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Curcumin, a yellow pigment isolated from the rhizomes of Curcuma longa (turmeric), had received prominent attention in 
recent years for its varied pharmacological properties e.g. antioxidant, anti-inflammatory, antibacterial, antiviral activities, 
anticancer, and also as a potential treatment for Alzheimer’s disease [18-20]. It has been observed that curcumin enhances 
NQO1 in the livers and kidneys of mice [21,22], in murine hepatoma cells [23] and in astrocytes [24]. The α,β-unsaturated 
diketone moiety in the curcuminoids is a Michael reaction acceptor, which comes from the main class of phase II enzyme 
inducers [25]. It is highly plausible that this attribute may be responsible for the stimulation of NQO1 in the liver by curcumin.  

Our study is the first in vivo study to demonstrate that quercetin (QRC) simultaneously increased the gene and protein 
expression of NQO1 in adult male mice liver. Our result for QRC was also in agreement with an experiment conducted to 
examine the impact of QRC on the expression and enzymatic activity of NQO1 in MCF-7 human breast carcinoma cells. It 
was discovered that when these cells were treated for 24 hours with 15 µM quercetin, the NQO1 protein levels and enzyme 
activity doubled, and the NQO1 mRNA expression increased by three to four fold [26]. The increase in the transcription of 
NQO1 as a result of the reaction to quercetin indicated that plant polyphenols could promote the transcription of phase II 
detoxifying systems, possibly through a mechanism that is dependent on the antioxidant response element (ARE) activation 
by Nrf2 [26]. It has been proposed in several studies that many phase II inducers and/or their metabolites possess electrophilic 
Michael reaction acceptor functionality [27,28]. Furthermore, it was discovered that the effectiveness of inducers is related to 
the degree of reactivity in the Michael reaction [28]. The efficacy of the inducer in the Michael reaction acceptors is 
significantly increased by the sole existence of orthohydroxyl substituents on the aromatic rings [29]. As many flavonoids 
have Michael reaction centres in their molecules, this chemical feature be might be important for their effects on phase II 
enzymes.  

In the current study, we also examined the potential effect of indole-3-carbinol (I3C) on the induction of the NQO1 gene and 
protein in mice liver. As shown in Figure 1 and Figure 2, I3C was able to induce NQO1 gene and protein expression 
simultaneously’. Found abundantly in cruciferous vegetables, I3C has been studied as an anticancer agent for quite some time. 
Our data are in line with other findings. A previous in vitro study showed that I3C was able to induce detoxifying enzymes 
such as NQO1 in the transgenic adenocarcinoma of mouse prostate (TRAMP) cells [30]. In vivo results also showed that 
administration of I3C increases the expression of NQO1 in TRAMP tissues [30]. I3C had also been shown to significantly 
increase NQO1 expression in rat liver [31]. 

In our study, BHA treatment for 14 days significantly induced the gene and protein expression of NQO1 in mice livers. BHA 
is a synthetic phenolic antioxidant that is commonly used as a food preservative to extend the shelf life of many food products 
by preventing oxidative rancidity of fats. Previous studies had shown that BHA increased the NQO1 activity in the liver, 
kidney, lung, and the mucosa of the upper small intestine of mice, at a concentration of 7.5 g/kg for 14 days [32]. It was 
postulated that the metabolite of BHA, tBHQ, is able to stimulate Nrf2. Triggering of Nrf2 and the resultant up-regulation of 
its downstream genes in relation to tBHQ expression was assumed to be an outcome of oxidative stress (e.g. ROS formation) 
[33]. However, later studies concluded that Nrf2 is not activated by tBHQ itself but rather by its oxidation product, TBQ, 
which is the decisive inducer because of its electrophilic properties [34]. It was hypothesized that TBQ activates Nrf2 and 
hence up-regulates downstream protein expression in RAW264.7 cells via the covalent modification of Keap1 [35]. Quinones 
are able to covalently modify proteins to nucleophiles by serving as Michael acceptors [36]. Quinones could also undergo 
redox cycling to generate reactive oxygen species (ROS). This is clearly exemplified through BHA, whereupon it is 
metabolised by NADPH-dependent microsomal enzymes to produce tBHQ, which in turn goes through a redox cycle by auto-
oxidation to yield TBQ, resulting in ROS production [37]. 

Protection from the harmful effects of carcinogenic and cytotoxic metabolites might derive from weakening of the carcinogen-
activating gene signalling pathways and/or increasing the expression of the detoxification and antioxidant genes [38]. Dietary 
compounds containing phenol and sulphur had been found to affect the expression level of numerous detoxifying enzymes 
[39]. The  upregulation of detoxifying enzymes, as a possible chemoprevention tactic, was first verified by applying phenolic 
compounds in animal samples, such as  BHA and its active metabolite, tert-butylhydroquinone (tBHQ), together with 3,5-di-
tertbutyl-4-hydroxytoluene (BHT), and ethoxyquin, all of which are extensively used to preserve processed foods [40, 41]. 

The importance of NQO1 in cancer prevention is supported by the finding that NQO1-null mice are more susceptible to skin 
cancer induced by 7,12-dimethylbenz(a)anthracene (DMBA) and benzo[a]pyrene [42, 43]. It had been suggested that NQO1 
controls the stabilisation of tumour suppressor p63 or p53 protein and progression toward keratinocyte differentiation, which 
leads to the normal development of skin [42, 44]. Induction of NQO1 might be important in preventing azoxymethane-induced 
colon cancer in rats at the post-initiation stage [45]. Induction of NQO1 also prevented the formation of DNA adducts and 
mammary cancer caused by estrogen-quinone [46, 47]. Since NQO1 were induced by numerous dietary elements, stimulation 
of NQO1 expression and its activity through our dietary consumption could be a practical measure of cancer chemoprevention.  
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NQO1 expression is highly thought to be regulated through the activation of a cis-acting enhancer sequence known as the 
ARE, by the transcription factor Nrf2 [48, 49]. Nrf2 is a basic leucine zipper (bZIP) transcription factor that is well known as 
the master regulator of ARE-mediated gene expression. Under normal conditions, Nrf2 is present in the cytoplasm and is 
bound to a protein called Keap1 [50]. In the presence of oxidative stress or chemical inducers, Nrf2 is released from its binding 
to Keap1. Nrf2 is then able to translocate into the nucleus. Once in the nucleus, Nrf2 is able to activate and stimulate NQO1 
and other ARE-dependent phase II genes expression machinery [48, 51]. It had been observed in previous studies that Nrf2-
null mice showed decreased NQO1 gene expression, and that this trait was associated with increased sensitivity to 
benzo[a]pyrene-induced gastric neoplasia in these mice [52]. 

Our results showed sulforaphne induced NQO1 the highest and curcumin the lowest. It could be that sulforaphane causes the 
highest translocation of Nrf2 into the nucleus to activate the ARE pathway. The increase in the amount of Nrf2 translocation 
might be due to the ability of sulforaphane to increase the quantity of modification (e.g. chemical adduction, oxidation, 
nitrosylation or glutathionylation) of one or more critical cysteine residues in Keap1 that represents a likely chemico-biological 
trigger for the activation of Nrf2 [53]. Curcumin, quercetin, BHA and I3C could as well have affected Nrf2 translocation 
through the same mechanisms, but with slightly or lower potencies than sulforapane, resulting in reduced NQO1 expression. 
Further studies should be done to explore these mechanisms. 

Apart from Keap1-dependent mechanisms, sulforaphane might also produce the highest rate of Nrf2 phosphorylation by 
various protein kinases (PKC, PI3K/Akt, GSK-3b, JNK), cause more interaction with other protein partners (p21, caveolin-1) 
and influence more epigenetic factors (micro-RNAs -144, -28 and -200a, and promoter methylation) [53], in which all these 
Keap1-independent mechanisms resulted in increased amounts of Nrf2 translocated into the nucleus, thus causing increased 
expression of downstream ARE-Nrf2 dependent genes/proteins such as NQO1. Other dietary chemicals might be less potent 
in inducing Nrf2 phosphorylation and other mechanisms that affect Nrf2 translocation, resulting in reduced expression of 
NQO1 compared to sulforaphane. These possibilities should be explored in future studies. 

Conclusion 

According to the findings of this study, at a dose of 50mg/kg body weight for 14 days, administration of sulforaphane has the 
most significant impact on the induction of the NQO1 expression in the livers of mice, followed by indole 3 carbinol, butylated 
hydroxyanisole, quercetin and curcumin. Also, the pattern of NQO1 gene expression correlates with the pattern of NQO1 
protein expression [sulforaphane inducing liver NQO1 gene and protein expression at the highest level, followed by indole-3-
carbinol and butylated hydroxyanisole (equivalent expression levels), quercetin and curcumin]. Sulforaphane can be found 
abundantly in cruciferous vegetables such as broccoli. The results of this study further strengthens the importance of 
consuming more fruits and vegetables which could potentially prove to be an affordable chemopreventive measure. The results 
of this study also suggests that a pharmacological dose of several well-elucidated chemicals and phytochemicals commonly 
found in many vegetables and fruits, especially sulforaphane, could potentially prove to be a beneficial chemopreventive tactic. 
Further studies should be done to conclusively support these recommendations. 
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