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INTRODUCTION

Polycyclic aromatic hydrocarbons (PAHs) including 
benzo(α)pyrene (BaP) are well-known environmental 
pollutants [1]. As PAHs are generated by incomplete 
combustion of carbon (C) and hydrogen (H) compounds, 
the general population are exposed to PAHs everyday, e.g. 
through grilled food or air pollution including tobacco 
smoke [2]. PAHs can undergo metabolic activation to po-
tent ultimate carcinogens by mean of cytochrome P450 
monooxygenase enzymes that catalyze the bioactivation 
of many procarcinogens. A key metabolic enzyme is cy-
tochrome P4501A1 which initiates the formation of reac-
tive oxygen species (ROS) and catalyzes the conversion 
of BaP into potent carcinogens and mutagenic agents. 
These processes contribute to carcinogenesis via DNA 

damage [3]. Therefore, for several decades many coun-
tries have tried to reduce the volume of PAHs production 
by governmental regulations. Most PAH regulation agen-
cies monitor PAH exposures particularly 1-hydroxypy-
rene (1-OHP), a major metabolite of pyrene, which is 
used as a representative biomarker for PAH exposure [4]. 
Recently, detoxification of carcinogens as well as regula-
tion of exposure to environmental carcinogens has been 
emphasized to protect the health of individuals. Ideal 
chemopreventive agents for consumed PAHs in human 
body should accelerate excretion of PAHs by metabolism 
or indirect scavenging, e.g. antioxidative effects against 
PAHs-induced ROS. Among these agents, we focused 
on Korean red ginseng (KRG, P. ginseng) that has been 
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processed for enhancing efficacy, safety, and preserva-
tion of raw ginseng. KRG is a well known traditional 
medicine with multiple biological functions including 
anti-oxidation, detoxification [5] and chemoprevention 
against PAHs. Therefore, in order to assess a chemopre-
vention potential of KRG against carcinogenic PAHs, 
we performed pharmaco- or toxico-kinetic analyses with 
monitoring of urinary 1-OHP and analyzed changes in 
malondialdehyde (MDA), a biomarker for oxidative 
damage [6].

MATERIALS AND METHODS 

Materials
HPLC grade acetonitrile and methanol were obtained 

from Thermo Fischer Scientific (Waltham, MA, USA). 
Thiobarbituric acid (TBA), 1, 1, 3, 3-tetrethoxypropane 
(TEP), 1-OHP and b-glucuronidase (type H-2, Helix-
pomatia) were purchased from the Sigma-Aldrich (St. 
Louis, MO, USA). KRG capsules were kindly provided 
from the Korea Ginseng Corporation (Seoul, Korea). 
These KRG capsules contained 300 mg of freeze-dried 
powder of 6-years old KRG.

Study subjects
This trial was designed as a single-blind random-

ized study, which was approved by Institutional Review 
Boar) of the Sookmyung Women’s University (#SM-
IRB-09-0506). All participants filled out the informed 
consent form before participating in this study.

Volunteers were recruited by bulletins in Sookmyung 
Women’s University, Seoul and responded to an initial 
questionnaire to screen for their eligibility. Individu-
als on prescription drugs and/or having their menstrual 
periods were excluded. Twenty one young, healthy and 
nonsmoker-females (age, 23.71±2.43 years; weight, 
52.81±4.59 kg), who were at the same phase of menstru-
al cycle, participated in this study. Subjects were advised 
to take 9 capsules of KRG (2.7 g of KRG powder)/d for 
2 wk. During the trial period, all subjects were requested 
daily to complete a questionnaire on lifestyle and food 
consumption. Urine specimens were collected before 
breakfast on day 1, 4, 7, and 14 and stored at -20°C until 
analysis was performed.

Analysis of urinary 1-hydroxypyrene
Levels of urinary 1-OHP were measured as published 

previously by our group [4]. Briefly, 200 uL of each 
urine sample was buffered with 200 uL of 0.2 M sodium 
acetate (pH 5.0) and hydrolyzed with b-glucuronidase 

for 5 h at 37°C in shaking water bath. After enzyme-hy-
drolysis, 500 uL of acetonitrile was added to the mixture 
and centrifuged at 14,000 ×g for 10 min. HPLC system 
was consisted of dual Yonglin SP930D pumps (Young-
lin, Seoul, Korea), a MIDAS COOL autosampler (Spark 
Holland, Emmen, The Netherlands), a Jasco FP-2020 
plus fluorescence detector (Jasco, Great Dummow, UK) 
and a X-terra C18 column (46×250 mm; Waters, Milford, 
MA, USA). We used mobile phase of 58% (v/v) aceto-
nitrile in water. Excitation and emission wavelengths for 
1-OHP detection were 242 and 388 nm, respectively. For 
establishing a calibration curve, we obtained appropriate 
coefficient of variations (<10%). The detection limit for 
1-OHP was 0.077 ug/L from triplicate measurements at 
5 different concentrations (0.1-20 ug/L). Urinary 1-OHP 
level of each sample was adjusted for urinary creatinine 
values [7]. 

Analysis of urinary malondialdehyde
We analyzed urinary MDA concentration with the 

above HPLC system using the method published by Ta-
gesson et al. [6] with modifications: detector, Shimadzu 
SPD-10A UV/VIS Detector (Shimadzu corporation, To-
kyo, Japan); column, a SunfireTMC18, 3.5 um (150×4.6 
mm; Waters, Milford, MA, USA); mobile phase, 50 mM 
of potassium phosphate buffer (pH 6.8)/methanol (58:42, 
v/v%); flow rate, 0.8 mL/min; UV, 532 nm.

Briefly, 300 uL of phosphoric acid (0.5 mol/L) was 
added to 50 uL of each urine sample and mixed with 150 
uL of 23 mM TBA in 1.5 mL plastic centrifuge tubes 
with screw-on caps. Samples were mixed, heated on a 
95°C dry bath incubator for 1 h, and cooled on ice. After 
cooling, 500 uL of methanol was added to the mixture. 
Then 200 uL of the supernatant from the resulting mix-
ture was injected to HPLC.

For MDA calibration, different concentrations of 
TEP were prepared daily as standards. Detection limit 
of MDA was 0.63 umol/L. The calibration curve was 
obtained from triplicate analyses of 5 different standard 
TEP concentrations (0.1-20 umol/L). Their coefficient 
variations were less than 10%. Urinary MDA levels were 
also corrected by urinary creatinine values [7]. 

Statistical analyses
The degree of normal distribution of 1-OHP and MDA 

levels were analyzed with Shapro-Wilk W test. Because 
levels of 1-OHP and MDA did not follow the normal 
distribution (p<0.01) (Fig. 1), Wilcoxon test was used 
for analysis of 1-OHP or MDA levels. Effects of KRG 
(time course) on levels of urinary 1-OHP and MDA 
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were analyzed with regression analyses. All statistical 
analyses were performed with JMP ver. 4 (SAS Institute, 
Cary, NC, USA). Statistical significance was defined as 
p<0.05. 

RESULTS 

Characteristics of subjects 
Body mass indexes of all subjects, 19.5±1.07 kg/m2, 

were in the normal range based on the World Health 
Organization classification [8]. During the trial period, 
study participants were advised to keep under control 
the consumption of grilled meats or greasy food in order 
to avoid compounding factor, which may affect urinary 
1-OHP levels. While most of subjects followed the 
recommendations during most of trial period, some par-
ticipants consumed food containing high levels of PAH 
at several points. Therefore, their values of 1-OHP and 
MDA were excluded from statistical analyses. 

Association between urinary 1-OHP and MDA levels 
Levels of urinary 1-OHP and MDA ranged from non 

detectible to 1.56 ug/L (median, 0.20 ug/L) and 0.37 to 
17.04 uM (median, 2.43 uM), respectively. Levels of uri-
nary 1-OHP and MDA were detected in all subjects ex-
cept one. A significant correlation was observed between 
levels of urinary 1-OHP and MDA (Fig. 2). These results 
imply that PAHs induced oxidative damages and these 
damages may play a role in PAH-related carcinogenesis.

Effects of KRG on urinary 1-OHP and MDA
Both urinary 1-OHP and MDA levels were decreased 

during the period of KRG treatment (Fig. 3). However, 
these trends were not statistical significant after creatinine 
correction (slope=-0.01, p=0.58, slope=-0.04, p=0.17). 
We observed a statistically significant decrease between 

levels of MDA on day 1 and day14 (p=0.02). However, 
after creatinine modification of MDA levels (uM/g cre-
atinine), this difference was no longer significant (p=0.47 
by Wilcoxon test).

DISCUSSION 

Levels of 1-OHP (median, 0.2 ug/L) in the present 
study were within the range reported from previous stud-
ies including ours [4,9]. Based upon the characteristics 
of subjects, nonsmokers and young females, we assumed 
that food was a major exposure route of PAHs. There-
fore, the 1-OHP levels in this study may reflect exposure 
from food-born PAHs rather than air-born PAHs. This 

Fig. 1. Histogram of urinary 1-hydroxypyrene (ug/L) with outliers: 
upper part of figure shows an outlier box plot with interquartile range 
(n=84). Fig. 2. Positive association between urinary 1-hydroxypyrene (1-

OHP) and malondialdehyde (MDA) levels (n=84; slope=1.47, p=0.03 
by regression analysis).

Fig. 3. Korean red ginseng treatments decreased levels of urinary 
1-hydroxypyrene (1-OHP) and malondialdehyde (MDA): slope=-0.01 
(p=0.20) and -0.07 (p=0.03), respectively by regression analyses. 
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assumption was further supported by a similar range of 
urinary MDA levels between the present study (median, 
2.43 uM, approximately 0.17 mg/g creatinine) and a pre-
vious study among Korean women study (0.18±1.10 to 
0.37±1.11 mg/g creatinine) [10].

PAHs can induce oxidative stress indirectly, through 
biotransformation by cytochrome P450s, epoxide hydro-
lase, and dihydrodiol dehydrogenase to generate redox 
active quinones [3,11]. Free radicals of the reactive qui-
nones can react further with lipids causing peroxidation, 
resulting in the release of products such as MDA, hydro-
peroxides and hydroxyl radical. These oxidative stresses 
may participate in all stages of the carcinogenesis 
process, namely initiation, promotion, and progression. 
Several studies have examined the relationship between 
occupational exposure to PAHs and oxidative stress 
biomarkers. Hu et al. [12] reported a strong correlation 
between urinary levels of 8-hydroxy-2’-deoxyguanosine 
(8-OHdG), a marker of oxidative stress to DNA, and 
1-OHP among coke oven workers. In the present study, 
we found a positive correlation between urinary 1-OHP 
and MDA levels (Fig. 2). The finding of our present 
study is supported by a recent Chinese study that also 
reported a positive correlation between the two biomark-
ers [13]. Therefore, the levels of urinary MDA, which 
represents oxidative stress in body, may reflect a degree 
of PAHs exposure. As expected, results of our study 
suggested bioproduction of ROS and oxidative dam-
age by PAHs exposure as a mechanism of PAHs-related 
carcinogenesis. Therefore, antioxidative effects of KRG 
may play a critical role in the prevention of PAH-induced 
carcinogenesis. 

Previous studies reported that KRG intake reduced 
levels of 8-OHdG [14,15]. In addition, KRG showed an-
tioxidant effects on superoxide dismutase in non-insulin-
dependent diabetic mellitus (NIDDM) patients and on 
reduction of MDA in NIDDM rats [16,17]. In the present 
study, we found that KRG intake significantly reduced 
urinary MDA levels (Fig. 3). 

In conclusion, the data generated from this study sug-
gest chemopreventive effects of KRG on PAH-related 
damages via direct antioxidative activity as well as toxi-
cokinetic mechanisms.
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