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Abstract

2, 3, 7, 8-Tetrachlorodibenzo-p-dioxin (TCDD) is the most toxic member of 
a class of planar, halogenated aromatic hydrocarbons. Recently it raises great 
public concern about its impact on human health. It has been suggested that 
TCDD induce hepatocyte toxicity by a mechanism involving the generation 
of ROS through CYP1A1 (cytochrome P450 1A1) activation. Many studies 
indicated that Licorice (Glycyrrhiza glabra) Root Extract (LRE) exhibits 
chemopreventive and detoxicative properties. The aim of this study was to 
assess the effect of ethanolic LRE against TCDD induced toxicity in a primary 
culture of rat hepatocytes. 

Primary cultured hepatocytes were treated with TCDD (10nM) with or 
without LRE (0-400µg/ml) for 24 and 48 hours. Treatment with TCDD alone 
lowered hepatocyte viability, but the toxic effect of TCDD on cell viability was 
ameliorated by the treatment of LRE dose dependently. Free radical scavenging 
activity by DPPH assay showed that LRE has a strong antioxidant activity. 
RT-PCR and Western Blot analysis, both showed that TCDD toxicity related 
genes (AhR, ARNT and CYP1A1) were subsequently down-regulated by LRE 
treatment in a dose dependent manner. DNA fragmentation assay also showed 
the protective effect of LRE against TCDD mediated DNA damage. These 
data suggested that LRE can alleviate the toxic effects of TCDD in cultured 
hepatocytes by its strong antioxidant activity as well as the down regulation of 
CYP1A1 expression followed by the suppression of AhR and ARNT genes. In 
conclusion, LRE can be used as a potential toxicity alleviating agent against 
TCDD induced hepatocyte toxicity.
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(ARNT), the complex binds to Dioxin Responsive Elements (DREs) 
at the promoter region and activates transcription of certain genes 
including CYP1 genes [8-10].

Licorice root (Glycyrrhiza glabra) is the most popular ingredient 
used in over 70% of Chinese medicines and has been used by human 
beings for at least 4000 years. This plant contains many flavonoids and 
pentacyclic triterpene saponins, including liquiritin, liquiritigenin, 
liquiritin apioside, glycyrrhizin, isoliquiritigenin, and glycyrrhizic 
acid [11]. Constituents of this plant have been reported to have a 
wide range of bioactivities, e.g., antimicrobial, anti-inflammatory, 
and cardiovascular protective activities [12-14].

The roles of LRE against TCDD-induced hepatotoxicity have not 
been studied so far. Therefore, the aim of this study was to investigate 
the protective effect of ethanolic LRE against TCDD-induced toxicity 
in a primary culture of rat hepatocytes. 

Materials and Methods
Chemicals and reagents

TCDD and collagenase were purchased from Sigma-Aldrich (St. 
Louis, MO, USA). Minimum Essential medium, Medium 199, Hanks 
balanced salt solution and fetal bovine serum were purchased from 
GIBCO BRL (Grand Island, NY, USA). Cell counting kit-8 (CCK-8) 
reagent was purchased from Dojindo (Kumamoto, Japan). Trizol was 
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2, 3, 7, 8-tetrachlorodibenzo-p-dioxin (TCDD) is the most 

toxic member of a class of planar, halogenated chemicals, which are 
widespread and persistent environmental pollutants. It is extremely 
stable, both to environmental and biological breakdown, leading to 
its persistence in the environment and its bioaccumulation in the 
food chain [1]. In experimental animals and humans, TCDD causes a 
variety of toxic responses ranging from the induction of xenobiotic-
metabolizing enzymes such as cytochrome P450 1A1 (CYP1A1) to 
wasting syndrome, hepatotoxicity, immunotoxicity, teratogenicity, 
mutagenesis and carcinogenesis [2,3]. 

The liver is a dioxin target organ in many species. TCDD promotes 
liver cancer [4] and induces degeneration of hepatocytes [5]. All these 
disorders involve a strong oxidative stress after TCDD exposure. 
It has been suggested that TCDD induced hepatocyte toxicity by a 
mechanism involving generation of Reactive Oxygen Species (ROS) 
through CYP1 enzymes and oxidative DNA damage [6,7]. Many 
studies have revealed that virtually all major toxic effects of TCDD are 
mediated by the specific binding of TCDD to a cytosolic protein, AhR. 
The classically accepted toxicity mechanism with respect to TCDD 
treatment was that TCDD first bind to Aryl Hydrocarbon Receptor 
(AhR), and the liganded AhR translocated to the nucleus. After 
dimerization with Aryl Hydrocarbon Receptor Nuclear Translocator 
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purchased from Invitrogen (Carlsbad, CA, USA). Ethidium bromide 
was purchased from Bio basic Inc. (South Korea) and Maxime PCR 
Premix (i-Taq) was purchased from iNtRON Biotechnology (Seoul, 
Korea). Antibodies were purchased from Santa Cruz Biotechnology 
(Santa Cruz, CA, USA) and Abcam (Cambridge, UK). 

Preparation of LRE 
Dried licorice (Glycyrrhiza glabra) roots were freeze-dried 

and pulverized. The dried powder (500 g) was then soaked in 80% 
ethanol for 24 h. The extracts were collected and the same process 
was repeated three times. The total extract was collected, filtered, and 
evaporated under reduced pressure. The end product was freeze-
dried and the powdered extract was kept in a deep freezer (-70oC).

Animals
Male rats of Sprague-Dawley strain, 4 weeks old, purchased 

from Samtako Bio Korea Co., Ltd., (Osan, South Korea) were 
initially acclimated to laboratory conditions for one week prior to 
experimental use. They were allowed to have access to water and 
standard laboratory chow ad libitum and were maintained under a 
12 hours light/12 hours dark cycle, 27-30oC environment and relative 
humidity of 55%. The study had received an approval from the 
Hankyong National University Animal Welfare Committee.

Hepatocytes isolation and cultivation
Rats were sacrificed by CO2 overdose, and the livers were removed 

immediately. Hepatocytes were isolated using the collagenase 
perfusion method [15]. The liver was perfused with calcium-free 
Hanks balanced salt solution through the hepatic portal vein to 
remove blood. As soon as the liver became grayish brown, a second 
buffer solution supplemented with collagenase was perfused to break 
up the liver. It was then minced into 3-4 mm pieces using a sterile 
scalpel. Following mechanical dissociation, the pieces were filtered 
through a cell strainer and centrifuged at 1500rpm for 5min. The cells 
were suspended with the medium and filtered again; washed three 
times, centrifuged and tested by trypan blue for viability. The isolated 
hepatocytes were cultured in a mixture of 75% minimum essential 
medium and 25% medium 199 (supplemented with FBS, penicillin, 
insulin and BSA). The medium was changed 3-4 h later.

Cell viability analysis
Cell counting kit-8 was used to determine cell viability, according 

to the manufacturer’s instructions. Cells were seeded in a 96-well 
plate (1 × 104 cells/well) and incubated at 37oC in 5% CO2 for 24 h. 
The cells were treated with 50 nM TCDD and LRE (0, 50, 100, 200, 
and 400 µg/mL) for 24 and 48 h. After the allotted treatment time, the 
medium was removed and replaced with fresh media containing 10µL 
of CCK-8 solution and incubated at 37oC for 3 h. Absorbance at 450 
nm was measured with an ELISA plate reader. The viability of treated 
cells is expressed as percentage of that of control cells.

RNA isolation and reverse transcription-polymerase 
chain reaction

Total RNA was isolated from TCDD- and LRE-treated cells 
using Trizol reagent according to the manufacturer’s protocol. RNA 
samples were reverse-transcribed with M-MuLV reverse transcriptase 
(Fermentas, Vilnius, Lithuania) and specific primers were used to 
amplify AhR, ARNT and CYP1A1. The optimum number of cycles 
for each gene was determined experimentally. The housekeeping gene 

β-actin was used to verify that equal amounts of RNA were added to 
the PCR reaction. 

Western blot
The cells treated with TCDD and 0-400 µg/mL LRE for 24 h were 

lysed using a protein extraction solution (INtRON Biotechnology). 
Total protein concentration was determined by the Bio-Rad protein 
assay. Next, 25 µg of protein was diluted and heated at 95oC for 10 
min prior to analysis by sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (10% and 12%). The proteins were then transferred 
to nitrocellulose membranes and blocked overnight with 5% skim 
milk in TBST (20 mM Tris-HCl, pH 7.6, 140 mM NaCl, 0.1% Tween 
20). The membranes were then rinsed four times with TBST and 
incubated for 2 h with 2% skim milk containing the primary antibody 
(diluted at 1:200): AhR, ARNT, and CYP1A1. After washing four 
times with TBST buffer, the membranes were incubated for 2 h with 
the horseradish peroxidase-conjugated secondary antibody (diluted 
at 1:2000). The membranes were washed again and developed using 
enhanced chemiluminescence (ECL Western Blot Analysis System 
Kit, Amersham Biosciences).

DPPH free radical-scavenging assay
Free radical scavenging capacity of the extract was determined 

by previously reported procedure using the stable 2, 2-diphenyl-
1-picrylhydrazylradical (DPPH). Briefly, 150ul DPPH ethanolic 
solution (0.1mM) were mixed with 50ul LRE ethanolic samples (0, 
50, 100, 200, 400, 800ug/mL). The mixtures were incubated in the 
dark for 30 min at room temperature, and then the absorbances of the 
resulting solutions were measured at 517 nm. The DPPH free radical 
scavenging activity was calculated:

Free radical scavenging activity % = (1-A/A0) ×100%

A is the absorbance with LRE, while A0 is the absorbance without 
samples. 5Mm quercetin was used as the positive control.

DNA fragmentation analysis
Cells were treated with TCDD and LRE for 24h. DNA extraction 

was used DNeasy Blood and Tissue kit (DNeasy kit; Qiagen, MD) by 
following manufacturer’s instructions. Then the extracted DNA was 
quantified by taking OD reading at 260 nm. Equal amounts of DNA 
from different concentration-treated cells were electrophoretically 
separated on a 1.8% agarose gel for 2 hours at 50V. Then the gel was 
visualized by UV after staining with 0.5ug/ml ethidium bromide for 
30 min. 

Statistical analysis
All experiments were performed in triplicate and the results were 

expressed as mean ± standard error. Differences between means were 
evaluated using one-way ANOVA followed by Duncan’s multiple 
range test; p < 0.05 was considered statistically significant.

Results
Effect of LRE and TCDD on cell viability

Before the investigation of the alleviating effect of LRE in TCDD-
induced toxicity, the cytotoxicity of LRE alone was firstly evaluated 
on hepatocytes. LRE stimulated the proliferation of hepatocytes and 
no cytotoxicity was observed up to 400µg/mL (Figure 1). The effect 
of 10nM TCDD on the viability of hepatocytes was also measured. 
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As the shown in Figure 2, TCDD induced hepatoxicity. The cell 
viability of TCDD treated cells was lower than the control group. 
When cells were treated with LRE, the survival curve showed that 
LRE had protective effect against TCDD-induced toxicity in isolated 
rat hepatocytes dose-and time-dependently (Figure 2).

Gene expression changes induced by LRE
Reverse transcription-polymerase chain reaction analysis was 

performed to investigate the effect of LRE on TCDD toxicity-related 
genes in isolated hepatocytes (Figure 3). Compared to untreated cells, 
the expression level of AhR significantly increased in TCDD treated 
cells. In contrast, after LRE treatment for 24 h, the expression level 
of AhR decreased dose-dependently, as well as ARNT and CYP1A1. 

Effects of LRE on the expression of TCDD toxicity-related 
proteins

In addition, we demonstrated the cytotoxic protecting effect of 
LRE by Western blot analysis. Figure 4 shows the protein expressions 
of AhR, ARNT and CYP1A1 which are the primary molecules in the 
signaling pathway of hepatotoxicity induced by TCDD. All the target 
proteins were up-regulated by TCDD treatment, but down-regulated 
after LRE treatment for 24 hours.

Effect of LRE on DPPH radical-scavenging
The free radical scavenging activity of LRE was assessed by 

the DPPH assay (Figure 5). The data suggests that LRE induced a 
concentration dependent free radical scavenging activity with IC50 
value of 366.87µg/mL. At a higher concentration, LRE exhibited 
similar anti-oxidative activity with 5mM of quercetin. This indicates 
that it is a good source of natural antioxidants.

Effect of LRE on TCDD induced DNA damage
DNA damage was examined to further understand the mechanism 

of LRE against TCDD induced toxicity in isolated hepatocytes. DNA 
fragmentation assay was used to measure the effect of TCDD and 
LRE on DNA damage. It was observed that TCDD caused significant 
increases in the DNA fragments of primary cultures of rat hepatocytes 
compared to untreated cells. However, LRE was able to decrease the 
level of DNA damage in TCDD-treated hepatocytes.

Discussion
This study was conducted to investigate the protective effect of 

Figure 1: Effects of ethanolic licorice root extract on the cell viability of 
isolated rat hepatocytes. Data are means + SE (n=3). Means with different 
superscript are significantly different at p< 0.05.

Figure 2: Effects of ethanolic licorice root extract on the cell viability of 
isolated rat hepatocytes co-treated with 10nM TCDD. 0.1% DMSO was 
used as a vehicle control. Data are means + SE (n=3). Means with different 
superscript are significantly different at p< 0.05.

Figure 3: Effect of LRE on the mRNA expressions of TCDD toxicity related 
genes in TCDD treated hepatocytes. 0.1% DMSO was used as a vehicle of 
control.

Figure 4: Effect of LRE on the protein expressions of TCDD toxicity related 
proteins in TCDD treated hepatocytes. 0.1% DMSO was used as a vehicle 
control.

Figure 5: DPPH radical scavenging activity of LRE. 5mM quercetin was 
used as a positive control. Data are means ± SD (n=3). Means with different 
superscript are significantly different at p< 0.05.
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ethanolic LRE against TCDD induced toxicity in primary cultures of 
rat hepatocytes. LRE mitigate TCDD toxicity in cultured hepatocytes 
by strong antioxidant activity and the suppression of CYP1A1 
expression followed by the down regulation of AhR and ARNT genes.

Many studies reported that TCDD induced CYP1A1 alter the 
formation of ROS through the activation of AhR [16,17], then cause a 
cascade of different disorders. Liver is one of the major target organs 
of TCDD. In the present study, we measured cell viability, DNA 
damage and the expressions of AhR, ARNT and CYP1A1 in TCDD 
treated rat hepatocytes. The results suggested that TCDD caused a 
dose and time related decrease on cell survival (Figure 2) through the 
up-regulation of AhR, ARNT and CYP1A1 (Figure 3 and Figure 4), 
then resulted in DNA damage in primary cultured rat hepatocytes 
(Figure 6).

Licorice root has been used for at least 4000 years and has already 
been identified by the National Cancer Institute [18] as having 
chemopreventive attributes. In our study, cell viability assay showed 
that LRE exerts a potent protective effect on TCDD treated rat 
hepatocytes. The alleviation of TCDD-induced toxicity was a result 
of the suppression of CYP1A1 expression and antioxidant activity of 
LRE. RT-PCR and Western Blot showed a down-regulation of AhR 
signaling pathway that mediates the expression of CYP1A1; DPPH 
analysis of LRE and DNA damage analysis showed that LRE had a 
strong antioxidant activity for scavenging free radical to protect 
oxidative DNA damage.

Although the mechanism underlying TCDD-induced 
hepatotoxicity is not completely understood, AhR seems to be 
a key transcriptional regulatory protein in TCDD-elicited gene 
expression [19]. After specific binding of TCDD to AhR, the AhR-
ligands translocate to the nucleus and heterodimerize with ARNT. 
Subsequently, the complex binds to the xenobiotic-response element, 
leading to the expression of dioxin-responsive genes, including 
CYP1A1 [20]. Cytochrome P450 members are efficient intracellular 
sources of ROS. Upregulation of CYP1A1 produces very large 
amount of ROS [21]. It can cause DNA damage, loss of enzyme 
activity, inhibition of protein synthesis and so on, ultimately lead to 
cell death [22]. In the present study, we found that LRE suppressed 

the expression of AhR, ARNT, as well as CYP1A1 (Figure 3 and 
Figure 4), which are components of the primary signaling pathway 
that mediates the hepatotoxicity induced by TCDD.

DPPH is considered as a good kinetic model for free radicals 
[23]. The decrease in absorbance at 517nm shows the ability of LRE 
to scavenge the DPPH radicals. The results of the DPPH scavenging 
activity assay for LRE exhibits strong antioxidant activity. It suggested 
that TCDD toxicity can be decreased by free radical scavenging 
activity of LRE in neutralizing ROS. Therefore, oxidative stress which 
was induced by ROS may also be alleviated by LRE. The effect of 
DNA damage was measured by DNA fragmentation assay. In our 
investigation, DNA damage was recovered by LRE treatment. All 
these findings constitute evidence that the anti-oxidative properties 
of LRE contribute to the prevention of hepatocyte degenerations and 
hepatic DNA damages induced by TCDD in rats. Because effective 
antioxidants can be definitely protect cellular DNA from oxidative 
stress by supplementation with antioxidants [24].

Conclusion
In conclusion, the present study shows that TCDD induces 

generation of DNA damage which leads to cell death by the increased 
expression of CYP1A1. However, LRE showed a promising protective 
effect against TCDD-induced hepatotoxicity in cultured hepatocytes 
by strong antioxidant activity as well as the suppression of CYP1A1 
expression followed by down regulation of AhR and ARNT genes. 
The results indicate that LRE can be used as a potential toxicity 
alleviating agent against TCDD-induced hepatocyte toxicity.
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