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Abstract

Phenanthrene-induced oxidative DNA damage in
lymphocyte was evaluated using comet assay and
the suppressive effects of Korean medicinal herbs
on the DNA damage were examined to screen the
medicinal herbs that help to detoxify environmental
pollutants. Extracts of Acanthopanax, Benincasae
and green tea polyphenols effectively inhibited the
phenanthrene-induced oxidative DNA damage in lym-
phocytes among tested herbs in this study. The pre-
sent study suggests that Korean medicinal herbs by
virtue of their antioxidant potential may be used as
effective agents to reduce the oxidative DNA damage
by phenanthrene.

Keywords: Comet assay, Phenanthrene, Korean medicinal
herbs

Introduction

Polycyclic aromatic hydrocarbons (PAHs), also
known as polyaromatic hydrocarbons or polynuclear
aromatic hydrocarbons are chemical compounds that
consist of fused aromatic rings1. Due to their hydro-
phobic characters, PAHs in the environmental matrices
rapidly bind to particles of sediments and soils. In ad-
dition to their presence in fossil fuels they are also
formed by incomplete combustion of carbon-contain-
ing fuels such as wood, coal, diesel, fat and tobacco2.

Several particulate PAHs are classified as probable
human carcinogens by the International Agency of
Research on Cancer (IARC). PAHs are one of the most
widespread organic pollutants in environment, and 16
PAH compounds were designated as priority pollutants
by EPA3. The 16 EPA priority PAHs is often targeted

for measurement in environmental samples. They are
naphthalene, acenaphthylene, acenaphthene, fluorene,
phenanthrene, anthracene, fluoranthene, pyrene, ben-
zo[a]anthracene, chrysene, benzo[b]fluoranthene,
benzo[k]fluoranthene, benzo[a]pyrene, dibenz[a,h]-
anthracene, benzo[g,h,i]perylene, and indeno[1,2,3-
cd]pyrene.

Phenanthrene(C14H10), the simplest PAHs in struc-
tures, is a polycyclic aromatic hydrocarbon with three
aromatic rings, and exists as a colorless crystalline
solid. Phenanthrene occurs in various ambient sources,
in particulate matter formed from combusted smoky
coal, diesel emissions, cork factory and waste incine-
rator4,5 Phenanthrene has been known to be implicated
in the formations of tumors of the stomach, lung and
skin in animals. Moreover, its damage to skin, body
fluids and the immune system which help the body
fight disease on the animals were known6,7.

Phytochemicals are not necessary for life but they
help to promote optimal health by lowering risk for
chronic diseases and enhancing defense against envi-
ronmental stressors. Some groups of phytochemicals
that have been linked to decreased cancer risk and
environmental toxicity risk include allyl sulfides, dithi-
olthiones and isothiocyanates, indoles, isoflavones,
lignans, flavonoids and carotenoids8,9. Allyl sulfides,
found in onions, scallions and leeks, may stimulate
activity of enzymes that help to eliminate toxic com-
pounds. Dithiolthiones and isothiocyanates, found in
cruciferous family of vegetables, broccoli, cauliflower,
cabbage and turnips may increase activity of enzymes
that help to detoxify carcinogens. Indoles, which may
interfere with estrogen metabolism and therefore could
reduce risk for some estrogen-related cancers such as
breast cancer, are also found in cruciferous vegetables.
Most flavonoids are known to be excellent antioxi-
dants and have radical scavenger properties8. However,
information on the effect of Korean medicinal herbs on
the environmental toxicants is not available, although
their pharmacological properties have been known. 

We examined the effects of Korean medicinal herbs
on the phenanthrene-induced DNA damage in lympho-
cyte to find the phytochmicals that help to detoxify
environmental pollutants, such as PAHs including
phenanthrene.
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Results and Discussion

Single cell gel electrophoresis (comet assay) is a me-
thod for detecting DNA damage in individual cells10-12.
DNA breaks at single-strand and double-strand, alkali-
labile sites, incomplete repair sites, and crosslinks at
the individual cells exposed to various environmental
toxic chemicals can be evaluated with comet assay13,14.

Table 1 shows the structures and toxicities of various
polycyclic aromatic hydrocarbons (PAHs). PAHs may
contain four-, five-, six- or seven-member rings, but
those with five or six are most common. Toxicity of
PAHs might be dependent on their structures, with
isomers varying from being nontoxic to being extre-
mely toxic15.

Figure 1 indicates the effect of Acanthopanax ex-
tracts on the oxidative DNA damage of lymphocytes
by phenanthrene, the simplest PAHs in structures16.
Pretreatment with Acanthopanax extracts significantly
inhibited phenanthrene-induced cellular DNA damage
as revealed by decreased comet tail moment. The tail
moment at 30 μM phenanthrene was about 60, whereas
that at PBS-treated control was about 8%, indicating
that 30 μM phenanthrene could induce approximately
6 folds more DNA damage. However, the tail moment
of Acanthopanax-treated group was approximately 10,
similar value to the control. This result indicates that
root, stem and leaf extracts of Acanthopanax could
reduce the oxidative DNA damage by phenanthrene
in lymphocyte. These findings, together with our pre-
vious results17 suggest a potential role for Acantho-
panax as an anti-genotoxic, anti-oxidant and chemo-
preventive agent and could be used as components in
chemotherapeutic applications. Acanthopanax sp. is
used clinically as a tonic and prophylactic for chronic
bronchitis, hypertension, ischemic heart disease, gast-
ric ulcer, rheumatism, diabetes, and cirrhosis18. Four
3,4-seco-lupane type triterpenoids, named chiisanoside,
chiisanogenin, 24-hydroxychiisanogenin, 22a-hydro-
xychiisanogenin have been isolated from the leaves
of A. divaricatus var. albeofructus (Araliaceae)19. Chii-
sanoside has an effect on anti-cancer, rheumatoid arth-
ritis, empyema, gatric ulcer, pharyngolaryngitis and
basal metabolism action20. The major active constitu-
ents of the Acanthopanax roots are eleutheroside, acan-
thoside, daucosterine, β-sitosterol, sesamine and savi-
nine, etc21.These compounds have been also reported
to have diverse effects such as anti-cancer, immune
activation, anti-inflammation and anti-fever effect22.

Benincasae hispida belongs to the family Cucurbi-
taceae, and it has been known to have an effect on
obesity, diabetes, dropsy, liver trouble, gastric ulcer
and bleeding. Moreover, Benincasae hispida has anti-
oxidant effect23, suppressive effect of vascularization24,
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Table 1. IARC classification and toxicity of polycyclic aro-
matic hydrocarbons33.

Name Structure
IARC

classification

Acenaphthene Group 3

Anthracene Group 3

Benz[a]anthracene Group 2B

Benzo[a]pyrene Group 1

Benzo[e]pyrene Group 3

Benzo[ghi]perylene Group 3

Chrysene Group 2B

Fluoranthene Group 3

Fluorene Group 3

Indeno[1,2,3-cd]pyrene Group 2B

Naphthalene Group 2B

Phenanthrene Group 3

Pyrene Group 3

Figure 1. Inhibitory effect of Acanthopanax on the phenan-
threne-induced oxidative DNA damage in lymphocytes.
Values not sharing the same letter are significantly differnt
from one another (p⁄0.05).
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protective effect on stomach and intestine25, anti-ulcer
effect26, anti-inflammatory effect in diabetic vascular
disorder27 and allergic inflammation28. Red ginseng is
representative tonic from ancient times and it has com-
plex pharmacological activities. Ginsenoside, known
as ginseng saponin, is major component on this effect
and it has 30 different forms28.

In Figure 2, the suppressive effects of Benincasae
and red-ginseng were compared with that of Acantho-
panax on the phenanthrene-induced DNA damage.
Acanthopanax reduced the phenanthrene-enhanced
olive tail moment the most effectively among the
Korean medicinal herbs tested. Thus Acanthopanax
seemed to be the most effective agent in preventing
oxidative DNA damage by phenanthrene in this study.
In Figure 3, it was investigated whether green tea poly-

phenol could ameliorate phenanthrene-induced oxida-
tive DNA damage. Our results revealed that polyphe-
nol provides protection against DNA oxidative dama-
ge induced by phenanthrene as measured with reduced
comet tail. Green tea polyphenols exhibited antimuta-
genic activity in vitro, and they inhibited carcinogen-
induced skin, lung, forestomach, esophagus, duodenum
and colon tumors in rodents. Although several polyphe-
nols show anticarcinogenic activity, the most active is
(-)-epigallocatechin-3-gallate (EGCG), the major con-
stituent in the green tea polyphenol fraction29. Several
mechanisms appear to be responsible for the tumor-
inhibitory properties of polyphenols, including en-
hancement of antioxidant enzymes and phase II (glu-
tathione-S-transferase) enzyme activities30,31. The
preventive effects of green tea polyphenol against
DNA damage in this investigation might arise from
the ability of polyphenol to effectively scavenge reac-
tive oxygen species16,32. The comet assay result in this
investigation elicited that the increase in genotoxicity
caused by phenanthrene was counteracted by several
Korean medicinal herbs. Findings from the present
study suggest that dietary supplementation with me-
dicinal herbs may be useful to protect the cells from
oxidative DNA damage by phenanthrene.

Materials and Methods

Lymphocyte Isolation
Fresh whole blood was added to 800 μL of phos-

phate-buffered saline (PBS) and layered onto 200 μL
of Histopaque-1077 (Sigma-Aldrich, USA). The lym-
phocytes were collected from the buffy coat layer, and
then the lymphocytes were used in the comet assay.
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Figure 2. Inhibition of phenanthrene-induced oxidative DNA
damage by Korean medicinal herbs. Values not sharing the
same letter are significantly differnt from one another (p⁄

0.05).
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Figure 3. Inhibitory effect
of green tea polyphenol on
the phenanthrene-induced
oxidative DNA damage in
lymphocytes. Values not sha-
ring the same letter are signi-
ficantly differnt from one
another (p⁄0.05).
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Medicinal Herbs 
Water extracts of Acanthopanax (Acanthopanax sp.)

and Benincasa (B. hispida) were provided from Susino-
gapy Co., Ltd (Asan City, Chungnam, Korea). Polyphe-
nol isolated from green tea was obtained from Hansung
Bio (Asan City, Chungnam, Korea). Powdered red gin-
seng (Panax ginseng C.A. Meyer) was obtained from
a reginal market in Asan City. All of the herbal medi-
cines were each dissolved in PBS at a 5 μg/mL.

Phenanthrene Treatment
Phenanthrene dissolved at a 1, 5, 20 or 30 mM was

reacted with lymphocytes for 5 min at 0 C. Lympho-
cytes were pretreated with herbal extracts for 30 min
at 37 C, and then 30 mM phenanthrene was added for
5 min at 0 C.

Measurement of Oxidative DNA Damage
using Comet Assay 

Comet assay was performed according to Singh et
al. (1988) for defined DNA damage by phenanthrene.
Isolated lymphocytes were mixed with 75 μL of 0.7%
low melting agarose (LMA) and then the drop of sus-
pension was put on slides glass which was precoated
with 1% normal melting agarose (NMA). The agarose
was solidified for 30 min at 4 C and 100 μL of 0.7%
low melting agarose (LMA) was added and covered
with cover glass. After solidification for 30 min at 4 C,
cover glass was removed. The slides were immersed
in alkali lysis buffer(2.5 M NaCl, 100 mM Na2EDTA,
10 mM Tris, 1% Triton X-100, 10% DMSO and 1%
laurosylsarcosinate, pH 10) for 1 hr at 4 C in a dark
condition, to remove cell proteins. After lysis, the
slides were placed in an electrophoresis tank and alka-
line buffer (300 mM NaOH and 10 mM Na2EDTA,
pH¤13) was added for 20 min to allow the DNA to
unwind. Electrophoresis was performed at 25 V, 300
mA for 20 min. After electrophoresis, the slides were
washed three times and neutralized with 0.4 M Tris
buffer (pH 7.0) and fixed with ethanol for 5 min.

Image Analysis 
The slides were stained with 50 μM ethidium bro-

mide and measured using fluorescence microscope
(Leica DM 2000, Germany). The slides were viewed
with a CCD camera (Hitachi, Japan) and each of
nuclear image was analyzed using Komet 5.5 comet
image analyzing system (Kinetic Imaging, UK). To
quantity DNA damage in the comet assay, the olive
tail moment was calculated as (Tail.mean - Head.mean)

Tail % DNA/100. Total 150 cells (75 randomly
selected cells each duplicate) of lymphocytes which
were duplicated each of slide were measured to eval-
uate the DNA damage.

Statistical Analysis 
All of comet assay data were processed by SPSS

package for Windows version 13 (SPSS Inc., Chicago,
IL). The mean values of DNA damage (olive tail mo-
ment) for each treatment were compared using one-
way analysis of variance (ANOVA) followed by Dun-
can’s multiple range test. P⁄0.05 was considered
significant.
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