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g'ﬂ‘ﬁ 31 @A aberrant crypt foci : 3 cryptfocus
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iﬂ‘ﬁ 30 LAY aberrant crypt foci : 1 crypt/focus

Eﬂﬁ 31 uAAL aberrant crypt foct @ 3 crypt/focus
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iﬂﬁ 32 u@A aberrant cryp foci : 4 crypts/focus
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Abstract

The objective of this study was to conduct an assessment of the ability of two Thai
medicinal plants, Cymbopogon citratus Stapf and Murdannia loriformis, to modulate levels of
a vahdated biomarker of aflatoxin exposure by determining levels of aflatoxin-albumin (AF-
albumin) adducts in sera. The influence of two plant extracts on AF-albumin adduct formation
after a single exposure to aflatoxin B1 (AFB1) was measured over a 48 hr period after Wistar
rats were exposed to AFBI1 at 250 ug/kg.body weight. Rats received Murdannia extract at 3
g/kg. body weight one week before the administration of AFB1. This continued over a 48 hr
period and resulted in an acceleration of AF-albumin adduct formation. Maximum levels of
the adducts in rats received Murdannia loriformis extract were observed at 4 hr, while the
maximum levels of adducts in the group that received vehicle controls, instead of the plant
extract, appeared at 12 hr after AFBl-exposure. Daily treatment of rats with AFBI1 at 250 p
g/kg. body weight for 3 weeks caused AF-albumin adduct levels in rat sera to rise and reach
levels that were 4.4 fold higher than observed after the first dose of AFB1. This occurred
only 2 weeks after the first administration. When treatment with Murdannia extract began one
week before AFB] exposure, and continued throughout the period of AFB1 exposure, a
decrease in the adduct levels was observed in the first two weeks of the intervention. After
that, however, the diminuation in adduct levels was not significant. By contrast, a statistically
significant decrease in the biomarker levels was not seen with the Cymbopogon citratus

extract treatments.

1. Introduction

Cymbopogon citratus Stapf and Murdannia loriformis (Hassk.) Rolla Rao et
Kammathy, are medicinal plants commonly used in traditional drugs and in cooking by Thai
people [1]. An extract of these plants has been shown to have antimutagenic and
anticarcinogenic properties and was capable of increasing DT-diaphorase, an anticarcinogenic
enzyme, in the hepatoma cell line [2,3]. Talalay [4] reported that an elevation of the
anticarcinogenic enzyme involved in the detoxification of carcinogens could be used as a
predictor of the cancer chemopreventive activity of a test compound. Initial confirmation that
Cymbopogon citratus and Murdannia loriformis exert chemopreventive effects, came from
evidence that the plants reduced aberrant crypt foci and DNA-adduct formations in rat

exposed to azoxymethane [5,6]. Studies on the effect of these plant extracts on AFB1-induced



liver tumorigenesis in an animal model are now on going.

The primary objective of this study was to conduct a preliminary assessment of ability
of an 80% alcoholic extract of Cymbopogon citratus or Murdannia loriformis to modulate the
formation of AF-albumin adducts in rat sera after the rats were exposed to AFB1 in either
stngle or multiple doses. Alterations in metabolic activity may be responsible for the
associated decrease in the carcinogenicity of chemicals. Albumin is the predominant blood
protein that is alkylated after AFB1 exposure [7,8]. It is now well established that using AF-
albumin adduct as a biomarker for a biologically effective dose of AFB1 exposure can be used

to assess the efficacy of any promising chemopreventive agents.

2. Materials and Methods

2.1. Chemicals

AFBl-ovalbumin, AFBI1-lysine adduct, anti-AFB] antibody and goat anti-rabbit IgG
peroxidase-labelled antibody were used as described previously [9], and were obtained from
the Unit of Environmental Carcinogenesis, JARC, Lyon, France. Proteinase K, glucose-6-
phosphate, AFBl (A6636, Lot 38F4061) and ovalbumin were purchased from Sigma
Chemical, St. Louis, USA. Sep-pak C18 cartridges were from Waters, Milford, USA.
Cymbopogon citratus Stapf was purchased from a local market in Chiang Mat, and Murdannia
loriformis (Hassk.) was obtained from an in-house garden in Chiang Mai, Thailand. All other

chemicals and reagents were of the highest quality that could be obtained commercially.

2.2. Preparation of plant extracts

Whole fresh plants were washed with tap water, sliced into small pieces, freeze-dried
aad blended to a fine powder. One hundred grams of the plant powder was extracted for 24

hr by stirring in 1 liter of 80% ethanol at room temperature. The extract was filtered by

suction and the filtrate was evaporated to dryness in a rotatory evaporator (45 ©C). The

residue was dissolved in 25 % dimethylsulfoxide.



2.3. Animals and Treatment.

Male Wistar rats with an average body weight of 70 g were obtained from the National

Laboratory Animal Center, Mahidol University, Bangkok, Thailand. The rats were housed at a

controlled temperature of 26 ©C (+1) and a 12 hr light : 12 hr dark photoperiod. The rats were
housed in groups of three in stainless-steal cages with wire-screen bottom and front. Animals
were acclimated to a standard laboratory chow diet (Charoen-pokphand Amimal Feed, Co,
Ltd., Bangkok, Thailand) for 1 week before beginning the experiment. Diet and water were

available ad libitum.

2.4. Effect of Thai medicinal plants extract on AF-albumin adduct formation after single dose
of AFBI

The experimental designs to evaluate the modulating effects of the plants on levels of
AF-albumin adducts after a single dose of AFB1 exposure were as follows. Male Wistar rats
were divided into seven groups. The first, the fourth, and the seventh groups of rats recetved
25% Dimethylsulfoxide (25%DMSQO), the second and the third groups received Murdannia
loriformis extract at 3 g / kg/bw, the fifth and the sixth groups received Cymbopogon citratus
extract at 5 g/kg.bw. Rats were fed test materials by gavage in the moming. After 1 week,
all rats were gavaged with 250 ng/ kg.bw of AFBI. The first, the third and the sixth groups
continued to receive 25% DMSOQO, the second and the fourth groups continued to receive the
Murdannia loriformis extract and the fifth and the seventh groups continued to receive the
Cymbopogon citratus extract. All treatments were continued for 48 hr. Three rats from each
group were sacrificed at 4, 12, 24 and 48 hrs after AFBI treatment. Rat sera were obtained

and AF-albumin adduct levels were analyzed.

2.5. Effect of Murdannia loriformis on AF-albumin adduct formation after multiple doses of
AFBI

After | wk of eating the laboratory chow diet, rats were randomly divided into three
groups. The first group received 25% DMSO, the second and the third groups received

Murdannia loriformis extract at 3 g/kg.bw. Rats were fed every moming over a 4-week



period. After the first week, all rats in the first and the second groups were gavaged 2 hrs after
receiving DMSO, or the plant extract with 250 pug/kg.bw of AFB1 in DMSO. This occurred
for 5 days a week for the next three weeks (Day 1-5, 8-12, and 15-19). The third group
recetved the plant extract for a total of 4 consecutive weeks. Each day three rats from each

group were sacrificed 4 hr after AFB| feeding. Blood was drawn from a portal vein, and rat

serum was obtained, The sera were kept at at -80 ©C unti] analysis for AF-albumin adduct

levels.
2.6. Analysis of AF-albumin adduct formation in rat sera.

The levels of AF-albumin adducts were determined in sera albumin after extraction
and hydrolysis with proteinase K. The AF-albumin adduct was measured in the form of

AFB1-lysine by competitive ELISA as described previously [9]. Maxisorp plates (Nunc.

Immunoplate) were coated with 2.5 ng of AFB|-ovalbumin conjugate in PBS by drying

overnight at 37 ©C. The coated plate was washed 6 tunes by PBS-Tween 20. One hundred
microlitre of 0.1% ovalbumin was added to each well and the plate was incubated at room
temperature for 60 min in the dark. 25 pl of sample was added to each well and quantitated

relative to a standard AFB1-lysine inhibition curve, along with controls (0% inhibition) and
blanks. Diluted anti-AFB| antibody 25 ul was added to each well and the plates were

incubated at room temperature in the dark for 30 min on an ELISA plate shaker. The plates
were washed six times with PBS-Tween 20. After washing, 50 pl of goat anti-rabbit 1gG
enzyme conjugate was added to each well. The plates were incubated at room temperature in
the dark for 90 min. Plates were then washed six times with PBS-Tween 20, followed by one
wash {Nith demineralized water and dried. TMB peroxidase substrate (3,3',5,5'-tetramethyl
benzidine) solution 50 pl was added into each well. The reaction was terminated by the
addition of 50 pl 1M HCI and the absorbance was read at 450 nm. The percentage of
inhibition for the samples was calculated and compared with a standard inhibition curve for

AFB|-lysine adduct expressed as ng/mg albumin. Each sample was assayed in quadruplicate.

2.7. Smoothing of raw data.

Because the variability of the measurement appeared to be associated with the mean



level, we have used a polynomial fit to smooth the data to capture the general trends that are
exhibited by the raw data. A natural logarithmic transformation was used on AF-albumin
adduct levels. Curves were fitted to the logs of the adduct levels as smooth regression
functions of the time by the formula,

log (AF -albumin-adduct) =Bt +y 1"’ + «
Where 3 and y are linear regression coefficients on the times of observation (t) in days and o

1S a constant.

3. Results

Aflatoxin-albumin adducts were found in peripheral blood samples after AFBI
exposure. Significant levels of AF-albumin adducts were observed within 1 hr following a 250
pg kg body weight (p.o) dosing with an average of 2.02 ng/mg albumin and reached
maximum levels at 12 hr. It then dropped to the same 1 hr level within 24 hr of dosing and
persisted at this amount for 48 hr (Data not shown). Administration of Murdannia lorifirmis
extract before AFB1 exposure (group 2 and 3) resulted in more rapid of adduct formation.
Maximum levels of the adduct were observed at 4 hr after AFBI1 treatment in groups of rats
that received Murdannia loriformis extracts (Table 1). The maximal levels of AF-albuinin
adduct was significantly higher in rats that received Murdannia loriformis extracts before
AFBI1 exposure (p<0.05). Twelve hours after AFB1 exposure, the levels of adducts in rats that
received the plant extracts were lower than rats that received AFB1 alone (p<0.05). There was
no significant alteration in the AF-albumin adducts formation in the groups of rats that
received Cymbopogon citratus extract.

Daily treatment of rats with AFB1 at 250 ug /kg.body weight for 3 weeks caused AF-
albumin adducts level in sera to rise and reached levels that were 4.4 fold higher than observed
afier the first dose of AFBI] exposure. 4-5 days after AFB1 exposure was discontinued, the
levels of the adducts in sera dropped rapidly and approached the same amount as observed
after the first dosing. The results from fitting the raw data over time with a smoothing function
are shown in Figure 1. Development of these smooth curves allows an observation of the
modulation of AF-albumin adducts formation by Murdannia loriformis. After multiple dosing
of 250 ug /kg.body weight AFBI1, a reduction of AF-albumin adduct formation was observed

only during the first two weeks (Figure 1a). Treatment with Murdannia loriformis extract |



week before AFB1 exposure and continued treatment throughout the AFB1 exposure period
had a tendency to decrease the adducts level during the first two week. Chronic administration
of AFBI1, however, lead to a decline in the protective efficacy of Murdannia loriformis. A
statistically significant decrease in AF-albumin adduct levels was not seen in the Cymbopogon

citratus treated rats (Figure 1b).

4. Discussion

The wvalidation of aflatoxin-albumin adducts as biomarker for monitoring AFBI
exposure allows assessment of whether or not levels of this biomarker can be moduiated n
experimental models. From this perspective, the modulating effect of Thai medicinal plamt
extract on the formation of aflatoxin-albumin adducts has been ecvaluated in rats cither
exposed one time or chronically to AFB1.

The results presented here indicated that continued intake of Murdannia loriformis
modulated the rates of AF-albumin adduct formation after a single exposure to AFB1. With a
single exposure of AFB1, the maximum adduct level appeared to occur more rapidly with
Murdannia loriformis treatment than without treatment. Murdannia loriformis may be able to
produce an aiteration in aflatoxin-albumin adduct formaton. Upon repetitive exposures 10
AFBI1, Murdannia loriformis extract treatment produced a significant reduction in levels of
AF-albumin biomarker for the first week only. There were no consistent changes in the
biomarker levels after an additional 2 weeks of AFB! administration.

Both toxicity of AFB1 and macromolecular binding of its metabolites have been
reported to be inversely correlated with hepatic glutathione level [10]. Induction of
glutathione-S-transferase activity and lower glutathione level in hepatic with greater AF-
adduct formation was repotted [11.12]. Administration of Murdannia loriformis for 1 week
leads to sustained increase in the hepatic activities of detoxification enzymes such as
glutathione-S-transferase, but chronic administration of the plant extract for 30 days markedly
reduced the activities of glutathione-S-transterase and UDP-glucurony! transferase (0] Such
an outcome is consistent with our observations indicating that the protective effect of
Murdannia loriformis was observed only in the first two weeks. There is no apparent decrease
in the AF-albumin adduct formation with chronic administration of the plant. Our findings

suggest that perhaps even relatively short-term treatment with the plant extract could have a



positive impact on aflatoxin metabolism as judged by diminished levels of the AF-albumin

adduct biomarkers.
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Table 1 Time trends of aflatoxin-albumin adducts levels after single dose of AFBI in rats sera

receiving or not receiving Thai medicinal plants.

Group/Experiment

Levels of AF-albumin adduct (ng./mg. Albumin)

Formation over ume in hour

Murdannia loriformis

1. DMSO +~ AFB1+ DMSO
2. Plant + AFB! + Plant

3. Plant + AFB1 + DMSO
4. DMSO + AFB1 + Plant
Cymbopogon citrarus

5. Plant + AFB1 + Plant

6. Plant + AFB1 + DMSO
7. DMSO + AFBI1 + Plant

0
0.0 + 0.0
0.0 + 0.0
0.0 + 0.0
0.0 + 0.0
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0.0+00
0.0+0.0
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Value 0 = amount of adduct was below detectable level of the ELISA method.

* = significant difference from group I, P <0.05 (Mann Whitney-U test)
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80%-ethanol extract of lemon grass (Cymbopogon
Stapf), a medicinal plant in Thailand, has been
ed to be antimutagenic against various known muta-
in the Salmonella mutation assay. To investigate
prevention in an animal carcinogenesis model, we
ined inhibitory effects of the lemon grass extract
formation of azoxymethane (AOM)-induced DNA
ts and aberrant ¢ryvpt foci (ACF) in the rat colon.
eek after the start of the treatment with lemon grass
t at doses of 0.5 or 3 g/kg body wt by gavage, F344
eived two s.c. injections of 15 mg of AOM per kg
weight at 1 week apart. For DNA adduct analysis of
lon and liver, the rats were killed 12 h after the
#d AOM injection. The DNA from the liver and colon
used for O®%-methyiguanine and N’-methylguanine
is. For ACF analysis in the initiation stage, AOM-
rats were continuously treated with lemon grass
and were Killed 3 weeks after the second AOM
ion. For analysis in the promotion stage the treat-
with the lemon grass extract (0.5 g/kg) started 2
after the second AOM injection and continued for
reks until the animals were killed. Lemon grass
ent significantly inhibited DNA adduct formation in
the colonic mucosa and the muscular layer but not
liver. In addition, lemon grass extract treatment
antly inhibited ACF formation in both the initiation
and the promotion stage. Especially in the promotion
lemon grass treatment inhibited the formation of
ACF (with four or more crypts per focus), which
redictive of tumor incidence. Furthermore, lemon
extract inhibited fecal B-glucuronidase competitively
d antioxidant activity. These results suggest that the
& grass extract inhibits the release of activated aglycon,
azoxymethanol, from a glucuronide conjugate in the
and decreases the DNA adducts and ACF formation
rat colon,
«

Suction

\ epidemiological and expenmental studies suggest a
ship between colon cancer nisk and dietary factors

Siations: ACF. aberrant cnpr foo). AOM. aroxvmethane: 1-BOOH,

1 hydroperonsde. O/F. crvpatovus. DMSO. dimethyl sulforide. MAM.
ovymethanol. MDA, malondialdehyde. 7-meG. N -methy bpuamine.
OF-methylguamne, PBS phosphate buficred saline, RBC. red blood
A, throbartwiunc acd

by University Presa

(1.2). Strategies for cancer prevention involving reduction or
eliminauon of human exposure to these environmental factors
may not always be possibte. However, as an alternate approach,
compounds that abolish the effect of carcinogens have been
identified (3-6). Although azoxymethane (AOM*)-induced
colon cancer in rats has been used to identify chemical agents
that prevent colon cancer (7.8). carcinogenicity experiments
in animals are relatively expensive and require a long time.
Bird (9) proposed a short-term assay for quantitation of aberrant
crypt foci (ACF). These foci are putative pre-cancerous lesions
that indicate at least the initiation of the carcinogenesis
process (10, 11).

The process of AOM-induced carcinogenesis is inttiated by
methylation of DNA after metabolism of AOM to methylazoxy-
methanol (MAM) by cytochrome P450 IIE] 1n the liver (12)
and transport to the colon via the blood stream (13). In another
metabolic pathway, MAM is conjugated with glucuronic acid
immediately in the liver and excreted into the intestine via
bile (14). The glucuronide conjugates are then hydrolyzed by
bacterial §-glucuronidase, and the released MAM is taken up by
mucosal cells and further metabolized to a reagctive compound,
methyl carbonium ion, to make methylated DNA (15). MAM
was activated by co-oxidation with prostaglandin synthesis
and a lipoxygenase system (16} Two major DNA adducts,
NT-methylguanine (7-meG) and 0% methylguanine (O%-meG),
have been identified in DNA of rats treated with dimethylhydra-
zine (17). DNA adducts can result directly in mutational
events, potentially leading to cancer. These mutations in the
genes that are implicated in the control of cell growth, lead 10
the formation of a small benign tumor {(adenoma), which may
grow and may result in a malignant tumor {carcinoma) (i8).
Recently, Pfohl-Leszkowicz er al. (19) have reported that high
levels of DNA adducts in the human colon are associated with
colarectal cancer.

In Thailand, the monality from cancer in the digestive tract
is low when compared with that in Japan (20). This may result
from the short lifespan of Thai people and to differences in
race and lifestyle, particularly customs of food consumption.
Lemon grass (Cymbopogon citratus Stapf). a Thai medicinal
plant, ts commonly used 1n the diet and in medicine for
stomach-ache. Previous studies have shown that the lemon
grass extract inhibits mutagenests of manv kinds of mutagens
in Salmonelia typhimurium (21). chromosomal aberration in
human lymphocytes exposed to mitomycin C (22). and
micronucleus formation in rats exposed o ¢yelophosphamide
(23). and that it 15 responsible for retardation of tumor growth
and lessening the degre. of tumor metastasis in rats into which
fibrosarcoma was transplanted (24). In addition. the lemon
grass extract enhances glutathione S-transferase activity in the
mouse intestine (25). In this study. we investigated the inhibi-
tory effects of the lemon grass extract on formation of AOM-
induced DNA adducts and ACF in the rat colon.

Materials and methods
Chemicals

AQM. p-nirophenyl B-0-glucuromide, p-nitrophenol. 1err-butvl hydroperoasde
(1-BOOH). proteinase K, and 7-meG were purchased trom Stgma Chemical

949
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Co St Loun MO 7 mwe€s was findhy supplicd by Dev K shisak and
M lkenaga Kiyodo Univeruts Ribonuclease A and nbonuclease Tl were
oblained from Worthinglon Discnosties chrechold N poNitrophenasptuos-
prate, phenol. bolin-phemsl feavent, sodiom cacrdylate, sodium dhadecyl
sullate amd wther chemicals aof scaeent prade or higher were purchased trom
Wako Chemicsl Endusines Lad o0 habka Japan

Fourro teesny of drsazens grana

Lemon grass hunoved 0 the morth of Thailamd way puivhased twice 1n
wmmer and winter Teom 2 boaal owrker in Chiang Mo, Thatand The siem
part of the plani wav cleaned muced. frecze-dned and blended e 3 hine
powder The dry powder of lemon grass was maved wath 1O ol of KOG
cthand and extracted by dirming a1 rom lemiperalure foe 4 b Atter filation
of the estrat by sucten Lhe revadue was evtraled sgan with 8Fe ethanod
in the ame way and the hitrates wese comboned The hltcred soluton was
dived 0 s rotany cvapawaler urkder redued pressure at M0 and then
completely dnod with a hvophaliser The doicd rosadue woas weighed Jdinwhved
in 24 dimethyl sultouede (D8N0 aned bkept a1 37C until used The vicld of
BT —cthanal ertract fromm frenh bearm grass was 9% The evracl inxde twke
N summet and winter dwrwed the anke anhimulagenwcity agamst aHaioen B
as that 10 the pubirbed Fepon 171

Anahovin nf abertani covpr fixa

Four weeh odd male | W4 rats rwciching 700 90 g) were purchased from SLC
Japan (Mamamatwa, Japan) The animashy were houswed and maintuned for |
woeh 10 3 room environmentally coatolled s s temperature ol 23 0 2TC
hamsdaty of 3% 7 Bk and 2 TV R hightdl b dwrk cyole i ihe Institute of
Anumal Lipenmeniatan Sohens! of Medioine The Priverate of Tobuvuma
ALTF formatnn war mestigatat aootding 10 twe peodaceds (higure 1
Beginming | wech sfter the wtast of tresiment wath ket grass (0 S g o S pfhg:
by imragastr gavage crcept boa griep 4 the rals reacined a s O e ton
of AOM divwlved in waline g Gee of 1Y mEd g of toate wi, e & weeh
fur 2 weeks Baty wwed av i sechu ke control were admuniered an egual
wodume of waline AL Y weeky alter 1he wouewsd ALPM inpouteh Ihe 1Al were
Lilked by (crvmal Jivhw 2em sl aocuhetia ninilistexn sager The lemon
B CAlal was SneliPe shmuniatered untll the davy of wmrnihce In
group 4 rat. were trested woilf 1fw o cuirat faw ool JU davs hefore Uhe hnd
AN apetaw [ e wecoend @apenmcnd. resimend w b beman prass woas
varted o weehy Mo the wee el meeyteon of AN aned Cowrtinoed] e )
werhs (prome = sage) Fisal ol water were availabde W the ras Gaf (ulviem
Boxty weaghin of rats were moonded werkhy The codkons of ulbed rss eere

9450

evpanded with 0% fowrmalin-phasphate bullfered saline (PBS) (pH
reroon edl split open from the anus o the cevum along the long tuding
amd cut separaicty into three parts. To determune the distnbution of A
Sehned the rectum as the area 2 om prounal 10 the anus, and ds
remainmg cdon il twe wegments. the provmal and the disg| colon
the preves of the cobm were fixed Aat between hiter papen in the same
Then thes were damned with 0 2% methy kene bluce and placed on mig ]
swdes with the mucosal wde up 1w evaludte ACK foemation (9 ,

DN Y Gwdfiec 1 Bomgpinm

Can weck after the stan ol treatawnt wath the lenwn 2rans f:'\lﬂld_ ratg
wevks obdl were adnumidencd AOM av dewnbed sbose and blleg o I]
atter the sevond AOM oeatment The priwedure tor detection of DN A

was hawed on the method of Hermon and Shank (173 The hiver and colon
immedigich removed and nased 0 wecold aline The colon wa cut
tongiludinalhy and washed with wihine 1o remove colone contenty Then 1
sobon was bnd Mot on g glass plate and the mucosa was wraped off wid
Zlass shde Sinve the AOM mctabolites van be transponed 1w the colag *
Pl o the blond sream we weparaehy eviracied DNA from the
miuyona ek The muscuds laver 10 determine which was the man path

e tomaton ol DNA sdducts Thee wamples were kept s -80°C -
dnalvars of DNA adducts

Cagiv s of DINA adidiies -

Tivsue DNA trom the Dner and colon iniuscesa and muscular ayer) 'l
rwlated by phenol eatraction (263 The punfied DNA was dissolved in 10
sadiumm cacadyate (pH 7 0.5 mg of DNA/D and subjected 10 neuiral ther
navdrolysis by heanng at 100°C for ¥ man o rebease 7-meG prrfmnu.u,- a
The partiaihy depunned DNA was precipitued froan the neutral hvdrolywase
addition of a 0 F-volume of cold 1O M HCL then cemntuged st 300 p
4 0°C for 20 nun The peller was suspended i 80 mM By Tny- )
MeCloapH 6 51 and turtber hvdiolyzed in 01 M HC) at 70°C for 30y
vaoid hydrolysisy Merhylated bases in the neutral thermal hvdrolywae |
sid hydrolvaate were analvzed by high-pressure liquid chromatography w
4 Chemeuvmaort 7-SCX catron exchange column (25045 mm) and 20y
ammonum formate (pH 2 5) ax the motile phase at a flow rate of 1.0
min Elutimn of the fluoresging hase was montiored ot 280 om as an excital
wavelength and 31 365 nm as an emisaon wavelength }

<

B Glucuromdase achivin

To study the cffect of lernon grass on bacienal f-glucuronidase we uwed ke
trom a control group (group 7) as an cnzyme wurce Feces wese suspe
in 3 volumes of 0.1 M polassium phosphate buffer (pH 7.0) and 1
centnfuged for 10 min at 300U rpm The supermatant was used as an eag
wource and kept at -BO'C until analyzed Fecal B glucuronidase activity
3vaved with ponirophienyl-(-D-glucuromde as a subsurate (28) The
reaion minture consisied of 20 pl of 10 mM p-nitrophenyl--0- glucuros
10yl of vanous concentrations of lemon graxs eatract, 40 ul of O
prassium phosphate buffer (pH 7.0) contarming 05 mM EDTA. 120
water and 10 pl of enzyme source The reaction was stanied by addi {
HO ! of fecal sample tenzvme source) and the mixlure was incubated B
for W0 min Then | mlof 02 M glycine-02 M Nall (pH [0 4) was

to vop the reactinn Aborbance of the liberated p-nitrophenol was

with a spectrophaotoencier at 40X nm. and the enryme aclivity was £1

a» micromaoies of p-nurophenol per min (U per liter

Annovudant dtiay

Human red blood cells (RBC) were washed three imes with 1no1onK .
wlution A $% RBC suspension in PBS (pH 7 4) was incubated with 0.

t BOOH and 025 mM hemin at 37°C in the prescnce and abrence g

lemon grass curact for 120 min At each ime point. | ml of the

mivture was removed for determination of malondiakdehyde (MDA f

Py the thiobartmturk acd (TBA) asuay (29) Brefly. 0235 ml of
I

Inchiomacetic acsd was mised with the reaction maxiure and the solut !
ventrifyged at 3000 rpm for 1) min 10 remove precipalated prowc
wupernatant was mized with 05 ml of 047% TBA and boiled a1 |

15 min After coohing. the MDA formanon was caiculated from

a1 $3% nm by using an ctinchion coefficient of | %6 210" Micm '0'
Susstooul analyvsis

The data were analyzed by one way analyws of vanance

Results b
Inlubiton effect of lemon grass extract on AOM-1ndhe;
DNA adducts e

The lemon grass extract significantly inhibited the f v
of DNA adducts, both 7-meG and P-meG, 1n the €
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Je 1. Inhibitory effect of lemon grass on formation of AOM-induced DNA adducts in the colons and livers of F344 rats

bp AOM Treatment n Colon Liver
Mucosa Muscular layer
7-meG O"-meG 7-meG O"-meG O5-meG
{umol/mol G) {pmol/mol G) (umol/mol G) (umol/mol G) (pmol/moi G)
+ Vehicle 6 1400 = 330 222 * 83 735 = 339 277 = 107 56.5 = 104
+ Lemon grass 6 893 * 477 472 = 2. 3% 176 = 110** 134 * 50" 598 = 208
(5 ghkg)
+ Lemon grass 5 725 = 481+ 13.2 * 5.3* 413 = |191* 230 = 47 96.0 * 22.5*
(0.5 g/kg)
- Lemon grass 4 <121 = 11.0%** <]1.63 £ ].9%** <1l = 0.94*** <35 = 4| <45 x 79%e>
(5 gfkg)

< 0.0001; **P < 0.005; *P < 0.05. Mol G. mole of guanine.

&camly different from the AOM-treated conwol group (group 1) by analysis of variance.

-

rll. Inhibitory effect of lemon grass on AOM-induced ACF in the colons and rectums of F344 rats in the initiation stage

AOM Treatment " Colon Rectum Teval
ACF AC/ACF ACF AC/ACF ACF AC/ACF
(%) (%) (%} (%) (%) (G)

+ Vehicle 6 107.0 = 195 237 * 0.26 205 = 96 22 040 1275 £ 275 23 =025
(1G0) (100) (100) (100) (100} (100)

+ Lemon grass (5 g/kg) 8 648 = 181 252 * 026 1.0 = 3.0 20 >026 75.8 = 152 24 =017
(60.6)*** (106) (53.7)* {90.9) {59.5)x** (104)

+ LLemon grass (0.5 g/kg) 7 728 =160 244 x 0.16 147 * 7.2 2.1 014 875 = 195 23+ 016
(68.0)** (103) (7.7 (95.5) (68.6)** (100

+ Lemon grass (5 g/kg) 8 845 * 132 239 +023 108 = 7.2 21 +037 953 = 142 23 =023

(10 days before AOM) (79.0)* (101) (52.h* (95.5) (74.* (100}

- Vehicle 8 0*>00 0=*00 0x>00 0*00 0=*00 0=00
‘O)Ota (0)‘:* {O)Q-t (O)ttt (O)it. (0,-9!1-

- Lemon grass (5 g/kg) 8 000 000 0=* 00 0200 0=00 0=00
(O)ttt (o)ttt (O)Uat (0):7‘* (0)*#! (0,!«;:

- Water 8 0x00 0 =00 0+ 00 000 0 =00 0=00
(0)"‘ (0)"& (0)*-' (0)‘** (0)"- {0)!-.

+ Water 8 900 =294 215 %023 231 * 64 1.8 023 113.0 = 285 20 =010
(84.1) (90.7) (113) (81.8) (88.6) (87.0)

< 0.0005; **P < 0.005. *F < 0.05.

a and muscular layer of rats treated with AOM (Table
mon grass at concentrations of 0.5 and 5 g/kg inhibited
G formation in the colonic mucosa by ~40 and 78%,
tively, but in the colonic muscular layer 51% inhibition
caused only by a concentration of 5 g/kpg. Moreover,
grass inhibited 7-meG formation in the colonic muscular
more than in the colonic mucosa. The lemon grass extract
U inhibit the AOM-induced 0°-meG in the liver.

y weights of the rats were not significantly different
n the control and treatment groups at either the initiation
or the promotion stage, during the experiments (data
own). The effect of the lemon grass extract on AOM-
ACF at the initiation stage is shown in Table II. No
as observed in vehicle-treated groups (groups 5. 6 and
M treatment greatly increased the incidence of ACF,
mmant crypts/colon, while lemon grass reduced the
r of ACF to 60.6 and 68.0% at doses of 5 g and 0.5 g/kg.
vely. When the rats received the lemon grass extract

Bt it R T

tly different from the AQM-ureated control group {group 1) of the experiment by analysis of variance.

number of ACF was also reduced. but the treatment was less
effective than in the rats treated with the extract throughout
the experimental period. In the rectum. a high dose of the
lemon grass extract (5 g/kg) inhibited ACF formation by
~50%. However, a low dose of lemon grass (0.5 g/kg) had no
significant effect.

Table 1II shows that lemon grass at a dose of 0.5 g/kg
inhibited ACF formation by ~35% in the promotion stage in
both the colon and rectum (P << 0.05) without any effect on
the number of aberrant crypts/focus. In addition, lemon grass
treatment in the promotion stage significantly decreased the
number of ACF that had four or more crypts/focus (=4 C/F).

Effects of lemon grass on f-glucuronidase activiry and
oxidative damage

To elucidate the inhibitory mechanism of the lemon grass
extract in the formation of DNA adducts and ACF, we studied
the effects of the lemon grass extract on B-glucuronidase
activity and oxidative damage induced by -BOOH in virro.
The lemon grass extract at a concentration of 250 pg/200 pl,
inhibited fecal $8-glucuronidase activity by ~75% (Figuve 2a).
Various concentrations of the lemon grass extract were used
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Table 111 Inhibitory effect of lemor grass on AOM-induced ACF in the colons and rectums of F344 rats in the promotion slage

T ——)
Group  AOM Treatment H Colon Rectum Toral
T
ACF ACIACFE =4 C/F ACF AC/ACF =4 CIF ACF ACIACF =4 O
(%) (%) L%y (%) (%) (%) (%) (%) %)
_—-_'_‘——
9 + Vehicle 6 1620 + 347 39 = 019 X0 = 159 3l £ 46 39 = 042 Xy = 5.2 1930 = 377 319 =+ (5.[5 990 -
(100 (tom L100) L) (00 o (o 100} {100y
10 + Lemon prass [} M0 =258 A7 2052 0= 196 0 =71 35 =037 =5 Mo =286 38 =045 580 =
rs pAg e (9499 1605 164 5)" (8.7} (500)"* (57.5)%°° (97.4) (58.6y
11 - Lemon grass 6 00 * 0.0 00 =00 00 x 00 00 = 0.0 00 = 00 00 =00 00 =00 00 = 00 00 =
(0.5 Mg) ()~ (0 () TR (e (e (e (Q)e=e (0].“.
T ——

Significantly differemt from the AOM-treated control group (group 9) of the experiment by analysis of variance.
4¢P < 0005, *4P << 0.01; *P < 0.05. C/F, cryptsifocus
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Fig. 2. Effect of lemon grass extract on fecal f-glucuronidase. The extract inhibited the enzyme activity dose-dependently (a) and competitivety (b
of lemon grass are shown as weights in 200 pl of the reaction mixture. L1

&
as an inhibitor to determine the mechanism by a Lineweaver— tumor initiation has been questioned repeatedly (171
Burk plot (Figure 2b). We found that the lemon grass extract O0°%MeG in the target tissue is more closely corre}h
was a competitive inhibitor against fecal B-glucuronidase. carcinogenicity than the more frequently occurm.

The antioxidant activity of lemon grass against MDA (18). During DNA replication, O%meG mispairs wilf
formation induced by -BOOH and hemin in the RBC was resulting in a G to A point mutation, and this miF
examined. Figure 3a shows antioxidant activity of lemon grass been implicated in activation of oncogenes and inacl
against the pro-oxidant action of +-BOOH and hemin after tumor SUppressor genes by me[hyla[ing agents a3
incubation for 120 min. In Figure 3b, 50 pg of the lemon results demonstrated that orally administered }
grass extract shows ~50% inhibition of -BOOH and hemin- extract inhibited the DNA methylation in the col

induced MDA formation. the magnitude of the decrease in O%-meG was mol
. . for 7-meG in the colonic mucosa (Table I). A
Discussion In addition, the present studies show that the SI‘I

Formation of DNA adducts is recognized as one of the common extract significantly inhibited ACF formnation h

properties of most potent carcinogens and is the basis of several  initiation and promotion stages (Tables II and II)
current strategies in molecular epidemiology and biomonitoring ~ magnitude of the decrease in DNA-binding pardf,
(31). The main DNA adducts in the AOM-treated animals nicely the decrease in ACF formation. AOM-ind

are 7-meG and O%-meG. 7-MeG is quantitatively the major the colon are putative pre-cancerous lesions thasn )
alkylation product in the DNA of animals treated with methylat- proposed as biomarkers for the short-term screenf,
ing carcinogens. However, the significance of this base in potential carcinogens and chemopreventive agehy
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TBA-reactive substances (nmol)

50
Incubation times { min )

100

ndently (b)

ncer. Since the DNA-methylation 1s considered 1o be the
1 slep in carcinogencsis by AOM. the decrease i DNA.
thylation, which 15 accompamed by a decrease in ACF
ation, would influence the outcome of the discase.

AOM is metabolized 1o MAM and vonjugated in the hiver.
ucuromde conjugates of MAM are then excreted 1nto the
e and changed to MAM again by B-glucuronidase-mediated
onjugation in the intestine. The released MAM may be
ily taken up by mucosal cells and further activated to
thylating species.

B-Glucuronidase is believed to be largely responsibic for
rolysis of glucuromde comugates in the colon and thus t
y an important role in generation of toxic and carcinogenic
stances (36). Several studies have shown that an increase
bacterial B-glucurontdase activity is associated with a higher
ber of colon twmors (37) and that a B-glucuronidase
ibitor inhibits AOM-induced colonic carcinogenesis in rats
). In fact, the femon grass extract showed an inhibitory
ct on fecul P-glucuronidase activity (Figure 2). Some
pounds in the lemon grass extract may compete with
uronide conjugates of MAM as substrates for i-glucuronid-

P

e colon and a decrease in DNA adducts in the mucosa.

is medicinal plant showed antioxidant activity (Figure 3).
ough il is not clear whether AOM-induced carcinogenesis
ncerned with oxidative stress or not. many chemopreven-
agents such as butylated hydroxyanisole (39) and oltipraz
possess antioxidant properties and have been found to
it AOM-induced colon cancer in the animal model. Staga
has proposed the possible chemopreventive mechanisms
tioxidants as follows: (i) antioxidants interact directly
carcinogens or one of the metabolites; (ii) they decrease
me aclivity or alter enzyme pathways responsible for
nogenic activation; and (iii) they increase the activities
zyme pathways responsible for detoxifying carcinogens.
er probable inhibitory mechanism of lemon grass is to

TBA-reaclive substabces (nmol)

Inhibition of ACF in the colon by lemon g

4
o) 100%
3
55%
2 45%
& ar%
LD 2
‘ ey /
. ped
X b
el ¥
25 50 100

Lemon grass (ug)

.3 Eftect of lemon grass on oasdatine damare The extract inhibited anidatine dantage in the ted blood cells time dependently tak and dose-

decrease AOM activating enzymes such as cytochrome P450
IEL lipoxygenase, cyclo-oxygenase. orincrease detoxification
enzyme activity caused by antioxidant ¢compound(s) in the
lemon grass eatract. It has been reported that lemon grass
extract elevates glutathione S-trunsferase activity in the intest-
inal mucosa of mice (25).

The lemon grass eatract preferentially inhibited formation
of ACF that had four or more crypts/focus (Table 111). The
developed ACF are well correlated with tumor incidence (30).
Therefore the lemon grass extract will be useful as one of the
chemopreventive agents against c¢olon carcinogenesis. The
inhibitory effect of the lemon grass extract on ACF formatton
in the promonion stage may be dependent on the antioxidant
activity. Benzoyl peroxide and other free radical-generating
compounds are effective skin-tumor promoters (42), suggesting
that free radicals are important in tumor promotion. Several
antionadants inhibit all stages of carcinogenesis whereas other
inhibitors are effective i only one stage. imbiabon, promotion
or progression: phenolic and polyphenolic antoxidunts, usvally
found 1n plants, are potent inhubitors of the tumor promoton
i carcinogenesis (41). The main constituent of green lea
polyphenolic antioxidants, epigallocatechin gallate, has been
found to be a very polent anti-promoter in mouse skin
tumongenests (43). Therefore it is possible that the inlibitory
cticct of the lemon grass extract on AOM-induced ACF
formation a1 the promotion stage is dependent on phenaolic
compounds in this medicinal plant.

A number of compounds have been identitied in Jemoen
prass ol including citral, geramiol, methyl heptenone and
B-myrcene (44). Citral and geramol have inhibitory effects on
lumor promotion i the mouse skin (45) and on transplanted
tumor growth (46), respectively. B-Myreene effectively inhibits
sister-chromatid exchanges induced by cyclophosphamide and
aflatoxin B1, but it has no effect on sister-chromatd exchange
induction by benzo{a)pyrene und 9,10-dimethyl-1,2-benz|al-
anthracene in vitro (47). We have just started expeniments (o
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investigate the effects of citrul. geramol. methyl heptenone
and B-myrcene on the formation of AOM-induced DNA
adducts and ACF and on B-glucuronidase activity in rats.

In conclusion, the results of this study demonstrate that the
lemon grass extract inhibited the formation of AOM-induced
DNA adducts and ACF in the rat colon. Although the exact
mechanisms involved in the protective effects against ACF
formation are not clearly understood at present, the results
suggest that the inhibitory effects of the lemon grass extract
depend partially on competitive inhibition of fecal B-glucu-
ronidase and antioxidant activity of this plant.
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nvestigale the effects of cural. geranol methy] heptenone
and B-myrcenc on the formanon of AOM-induced DNA
adducts and ACF and on B-glucuromdase acunity in rats

In conclusion. the results of this vudy demonstrate that the
lemon grass extract inhibiied the tormanon of AOM.nduced
DNA adducts and ACF in the rat colan Although the exact
mechamsms imvolved in the protective effects ::gamsl ACF
formation are not clearly understood at present. the re<ults
suggest that the inhibiton eftects of the lemon grass extract
depend parmally on compenine inhibiton of fecal B-clucu-
ronidase and antiovidant actin iy of this plant.
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EFFECTS OF LEMONGRASS (Cymbopogon Citratus STAPF) AND
Murdannia Loriformis EXTRACTS ON AFLATOXIN-ALBUMIN
ADDUCTS LEVELS IN RATS EXPOSED TO AFATOXIN B,

Teera Chewonarin, B.Sc.,l Usanee Vinitketkumnuen, Ph.D.,l Christopher P Wild, Ph.D.,2

!Department of Biochemistry. Faculty of Medicine, Chiang Mai University, Chiang Mai 50200,
Thailand, *“Molecular Epidemiology Unit, The University of Leeds, Leeds, UK

Abstract The modulating effects on aflatoxin-albumin adducts formation in sera ol rats
exposed to aflatoxin B (AFB,) by the 80% ecthanol extract of lemongrass (Cymbopogon
citratus Stapf) and Murdannia loriformis were investigated. Level of aflatoxin-albumin adducts
in rats sera was examined by ELISA at different time after single dosing of AFB, 250 lg/Kg
body weight over a 48 hours period after dosing. The results showed that levels of aflatoxin-
albumin adducts were detected at 1 hour after AFB, dosing with a mean of 2.02 ng/mg
albumin. The levels were sequentially increased to the maximum level at 12 hours after dosing
(with a mean of 4.85 ng/mg albumin). After that the levels of adducts declined (o the steady
state level at 1.48 ng/mg albumin at 24 hours, until 48 hours after AFB, administration.
Administration of lemongrass extract to the rats for 10 days before AFB, dosing produced no
change in aflatoxin-albumin adduct levels. Whereas, rats recieved Murdannia loriforniis extract
for 10 days before AFB, dosing the adducts formation seem to occur more rapidly. The time
course for reaching the maximal level was observed at 4 hour with a range of 4.65 - 5.09
ng/mg albumin. These levels was significantly higher than rats who were given AFB, only (p <
0.05). At 12 hours after AFB, dosing, levels of aflatoxin-albumin adducts in rats receiving
Murdannia loriformis were significant lower than AFB -treated group (p < 0.05). Chiang Mai
Med Bull 1998; 37(1-2): 11-19.
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