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Effect of Glutathione on Synergistic Induction of CYP1A1 by Andrographolide 
ผลของกลูตาไทโอนต่อการเหน่ียวนํา CYP1A1 แบบเสริมฤทธ์ิโดยสารแอนโดรกราโฟไลด์ 
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ABSTRACT 
We previously reported that andrographolide (Andro), a major bioactive constituent of Andrographis 

paniculata or Fa-ta-lai-joan, synergistically enhanced the inducible expression of CYP1A1 mRNA. In this study, the 
synergism was confirmed at 24 h after treatment with Andro and β-naphthoflavone (BNF), a CYP1A inducer, in 
mouse hepatocytes. Glutathione (GSH) and N-acetyl-L-cysteine (NAC) significantly enhanced the BNF-induced 
expression in the early phase. At 24 h, the addition of GSH or NAC had no effect on BNF-induced CYP1A1 mRNA 
expression, but significantly reduced the synergistic effect of Andro. The synergistic effect was enhanced by L-
buthionine-(S,R)-sulfoximine, a GSH depleter. These results suggest that GSH status might be involved in BNF-
induced CYP1A1 mRNA expression, and the interaction of Andro with GSH might modulate the expression. 

 

บทคดัย่อ 
แอนโดรกราโฟไลด์ สารสําคัญในสมุนไพรฟ้าทะลายโจร ถูกรายงานว่ามีความสามารถเสริมฤทธ์ิการ

เหน่ียวนาํการแสดงออกของ CYP1A1 mRNA การศึกษาน้ียนืยนัวา่การเหน่ียวนาํแบบเสริมฤทธ์ิน้ี แสดงออกในเซลล์
ตบัปฐมภูมิของหนูไมซ์ท่ี 24 ชัว่โมง หลงัจากไดรั้บแอนโดรกราโฟไลด ์ ร่วมกบัเบตา้แนฟโทฟลาโวน (BNF) ซ่ึงมี
คุณสมบติัเป็นสารเหน่ียวนาํ CYP1A1 กลูตาไทโอน (GSH) และ N-acetyl-L-cysteine (NAC) มีผลเพิ่มการแสดงออก
ของ CYP1A1ท่ีถูกเหน่ียวนาํโดย BNF ในระยะเร่ิมแรกของการทดสอบ ในขณะท่ี GSH และ NAC ไม่ส่งผลใดๆ ต่อ
การเหน่ียวนาํ CYP1A1 โดย BNF ท่ีระยะเวลา 24 ชัว่โมง แต่กลบัลดการเสริมฤทธ์ิเหน่ียวนาํ CYP1A1 ของแอนโดร 
กราโฟไลดอ์ยา่งมีนยัสาํคญั L-buthionine-(S,R)-sulfoximine ซ่ึงเป็นสารยบัย ั้งชีวสังเคราะห์ของกลูตาไทโอน แสดงผล
เพ่ิมการเสริมฤทธ์ิการเหน่ียวนาํ CYP1A1 ของแอนโดรกราโฟไลดไ์ด ้ดงันั้นจึงสามารถสรุปไดว้า่ระดบักลูตาไทโอนมี
ความสัมพนัธ์กบัการควบคุมกระบวนการเหน่ียวนาํการแสดงออกของ CYP1A1 โดย BNF และการเกิดปฏิกิริยาระหวา่ง 
Andro และ GSH ส่งผลต่อการเปล่ียนแปลงการเหน่ียวนาํดงักล่าว 
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Introduction 
Andrographolide (Fig. 1; Andro) is a major 

diterpenoid constituent of the plant Andrographis 
paniculata Nees or Fa-ta-lai-joan (Jarukamjorn and 
Nemoto, 2008), the extract of which is an important 
herbal medicine widely used in China, India and 
Southeastern Asian countries. The herb and Andro 
have been reported to have various biological activities 
(Jarukamjorn and Nemoto, 2008), including 
hepatoprotective (Singha et al., 2007), 
immunostimulatory (Xu et al., 2007), anti-thrombotic 
(Thisoda et al., 2006), anti-cancer (Sheeja and Kuttan, 
2007), anti-diabetic (Reyes et al., 2006), anti-viral 
(Wiart et al., 2005) and anti-inflammatory (Shen et al., 
2002) effects. Furthermore, the extract of A. 
paniculata and Andro have been used as health 
supplements in many countries. Although numerous 
activities of A. paniculata and Andro have been 
established, little toxicological information is 
available, especially biotransformation and drug-herb 
interaction related to cytochrome P450 (P450).  

 
 
 
 
 
 

Fig. 1 Structure of Andrographolide 

 
P450 plays an important role in the 

pharmacology of drugs and toxicology of xenobiotics 
(Guengerich, 2008). Understanding how drugs or 
xenobiotics induce or inhibit P450 activity is 
biologically relevant and ultimately leads to better 
models for predicting the actions of these agents. Of 
these P450s, CYP1A plays a critical role in the 

metabolic activation of carcinogenic polycyclic 
aromatic hydrocarbons and heterocyclic aromatic 
amines/amides to reactive intermediates, respectively, 
leading to toxicity and cancer (Jacquet et al., 1996). 
CYP1A induction on carcinogenic and toxic potentials 
of environmental, occupational, dietary, and 
therapeutic chemicals has been a central focus on 
human risk evaluation and broadly influenced the 
fields of cancer research, toxicology, pharmacology, 
and risk assessment over the past half century (Stucker 
et al., 2000). 

After oral administration of the extract of A. 
paniculata, activity-levels of the marker enzymes, 
CYP1A1 and CYP2B10, risen in mouse liver 
(Jarukamjorn et al., 2006). We observed that Andro by 
itself induced the expression of CYP1A1 mRNA in a 
concentration-dependent manner in mouse hepatocytes 
in primary culture, as did by typical CYP1A inducers 
(Jaruchotikamol et al., 2007). Interestingly, Andro 
synergistically enhanced the expression of CYP1A1 
mRNA induced by a ligand of AhR (Jaruchotikamol et 
al., 2007), however, the mechanism involved was 
unclear.  

In the present study, we examined the effect 
of GSH and GSH modulators on BNF-induced 
expression of CYP1A1 mRNA in mouse hepatocytes 
in primary culture. 
 

Materials and methods 
Materials 

Materials for culturing hepatocytes were 
purchased from Gibco Invitrogen Corporation (Grand 
Island, NY), Wako Pure Chemical (Osaka, Japan) and 
Sigma Chemicals (St. Louis, MO). Percoll was 
obtained from GE Healthcare Bio-Sciences (Uppsala, 
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Sweden). Andro, L-buthionine-(S,R)-sulfoximine 
(BSO), GSH, butylated hydroxytoluene (BHT), and 
LDH-cytotoxic Test Wako were from Wako Pure 
Chemical. β-Naphthoflavone (BNF) and N-acetyl-L-
cysteine (NAC) were obtained from Sigma Chemicals. 
ReverTraAce and G-Taq DNA polymerase were 
products of TOYOBO (Osaka, Japan) and Hokkaido 
System Science (Sapporo, Japan), respectively. The 
HT Glutathione Assay Kit and Accutase were obtained 
from Trevigen (Gaithersburg, MD) and Innovative 
Cell Technologies (San Diego, CA), respectively. 

Animals 
Seven-week-old male C57BL/6 mice were 

purchased from Sankyo Experimental Animals 
(Tokyo, Japan). Mice were housed in the Laboratory 
Animal Center of Toyama University under the 
supervision of certified laboratory animal veterinarians 
and treated according to a research protocol approved 
by the University’s Institutional Animal Care and Use 
Committee.  
 
Preparation of hepatocyte cultures and treatment 

Mouse hepatocytes were prepared as 
described previously (Jaruchotikamol et al., 2007). 
Briefly, the cells were seeded at a density of 5x105 per 
dish on collagen-coated 35-mm Petri dishes and 
cultured at 37ºC with 5 % CO2 in Waymouth MB 
752/1 medium containing bovine serum albumin (2 
g/l), insulin (0.5 mg/l), transferrin (0.5 mg/l), selenium 
(5 μg/l), and dexamethasone (10-9M). The medium was 
renewed 3 h after seeding. BNF and Andro were 
dissolved in dimethylsulfoxide (DMSO), and BSO, 
NAC and GSH were dissolved in distilled water or 
medium. The treatment with the compounds (final 
concentration of DMSO: 0.2 %) was performed 24 h 

after seeding and total RNA was prepared at the time 
points indicated. The concentrations of compounds 
employed for the treatment were confirmed not to be 
toxic using the LDH-cytotoxic assay, according to the 
manufacturer’s instructions. 
 
Quantitative real-time RT-PCR 

Mouse CYP1A1 and GAPDH mRNAs were 
quantified by real-time RT-PCR, as described 
previously (Jarukamjorn et al., 2010). Briefly, hepatic 
total RNA was reverse-transcribed by ReverTraAce 
and cDNA was amplified by G-Taq DNA polymerase 
using specific TaqMan® Gene expression Detection 
Kits for Cyp1a1. Real-time PCR was performed using 
the ABI Prims 7000 Sequence Detection System 
(Applied Biosystems, Branchburg, NJ) with ABI SDS 
software. The amplified products of CYP1A1 and 
GAPDH were detected by monitoring the fluorescence 
of the reporter dye, FAM and SYBR Green, 
respectively. The values for the expression of CYP1A1 
mRNA were normalized to those of GAPDH. 

 

Results and discussion 
Effect of Andro on CYP1A1 mRNA expression 

The expression of CYP1A1 mRNA in primary 
mouse hepatocytes after treatment with either 10 μM 
BNF, 25 μM Andro, or BNF+Andro were observed 
(Fig. 2). The effect of BNF reached a maximum level 
at around 9 h after which the expression decreased. 
Andro itself had a little effect, but BNF+Andro had a 
synergistic effect at 24 h, however, considerably 
suppressed BNF-induced CYP1A1 mRNA expression 
at 9 h. These results revealed a bimodal influence of 
Andro on BNF-inducible CYP1A1 mRNA expression, 
namely suppression early on and enhancement later. 
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Fig. 2 Effect of Andrographolide on CYP1A1 mRNA 
expression at 9, 24, 48 h. Primary mouse hepatocytes were treated 
with 0.2% DMSO (non-treatment, NT), 10 μM BNF, 25 μM Andro, 
or BNF + Andro and total RNA was prepared at the indicated times. 
The expression of CYP1A1 mRNA was determined by quantitative 
RT-PCR after normalization with that of GAPDH mRNA. Each 
point represents the mean ± S.D (n = 4). * represents a significantly 
difference from the NT group at p<0.05 (one-way ANOVA, Tukey 
post hoc test). 

 
Effect of GSH modulators on BNF-induced CYP1A1 
mRNA expression 

Changes in intracellular GSH contents caused 
by either GSH, NAC, or BSO on BNF-induced CYP1A1 
mRNA expression were observed at early (9 h) and late 
(24 h) phases. NAC itself acts as an antioxidant and is a 
precursor of GSH. BSO is a potent and specific inhibitor 
of γ-glutamylcysteine synthetase, resulting in a reduction 
in intracellular GSH levels. In the early phase, NAC 
increased (Fig. 3B) while GSH significantly increased 
BNF-induced CYP1A1 mRNA expression (Fig. 3A), and 
both increased the expression in BNF + Andro-treated 
cells. BSO decreased the expression in the BNF- or BNF + 
Andro-treated cells. In the late phase (24 h), BSO 
increased BNF-induced CYP1A1 mRNA expression, but 
GSH and NAC (Fig. 3C) had no effect. In the presence of 
Andro, BSO further increased the expression, and GSH or 
NAC significantly attenuated the synergistic effect in a 
concentration-dependent pattern.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Expression of CYP1A1 mRNA in the presence of 
GSH modulators. Primary mouse hepatocytes were treated 
with a combination of 10 μM BNF, 25 μM Andro, and GSH 
modulators. Total RNA was prepared 9 h (open column) or 24 h 
(black column) later and the expression of CYP1A1 mRNA was 
analyzed by real-time RT-PCR. Each value represents the mean 
± S.D (n = 4). A) Effect of GSH. B) Effect of NAC. C) Effect 
of BSO. 
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The synergistic effect of Andro at 24 h was 
reduced in the presence of GSH and NAC, and the 
expression was further enhanced in the presence of BSO. 
Therefore, an increase in GSH content competed with the 
suppressive effect of Andro early on, and a decrease 
supported the synergism. 

 

Conclusions 
In conclusion, the modification of inducible 

CYP1A1 mRNA expression by Andro was bimodal 
depending on treatment period and the modulation was 
retrieved by changing the intracellular GSH content. 
These results suggested that GSH status might be 
involved in the regulatory mechanism of CYP1A1 
induction, and interaction of Andro with GSH might 
modulate the expression. Further investigation of a 
mechanism of the modulation of Andro on inducible 
CYP1A1 mRNA expression is of interest, since many 
environmental carcinogens can induce CYP1A1, 
which vice vesa can metabolize these compounds to be 
reactive metabolites. Therefore, caution is assessed 
when using Andro or extract of A. paniculata as a 
health supplement. 
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