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Abstract

Essiac, a tea reportedly developed by the Ojibwa tribe of Canada and widely publicized as a homeopathic cancer treatment, is prepared fro
a mixture of four herb@\rctium lappa, Rumex acetosella, Ulmus rubra and Rheum officinale. Each of these herbs has been reported to possess
antioxidant and anti-cancer activity. Essiac itself has also been reported to demonstrate anti-cancer activity in vitro, although its efieats in vi
still a matter of debate. We prepared an extract of Essiac tea from a concentration of 25 mg/mL and boiled it for 10 min. From this preparation we
used concentrations of 5, 10, 25 and 50% to measure Essiac effects. In this study, we examined the effects of Essiac on free radical scavengi
and DNA damage in a non-cellular system, as well as the effects Essiac on lipid peroxidation using the RAW 264.7 cell line. We observed, using
electron spin resonance, that Essiac effectively scavenged hydroxyl, up to 84% reduction in radical signal at the 50% tea preparation concentratic
and superoxide radicals, up to 82% reduction in radical signal also at the 50% tea preparation concentration, as well as prevented hydrox
radical-induced DNA damage. In addition, Essiac inhibited hydroxyl radical-induced lipid peroxidation by up to 50% at the 50% tea preparation
concentration. These data indicate that Essiac tea possesses potent antioxidant and DNA-protective activity, properties that are cominon to natu
anti-cancer agents. This study may help to explain the mechanisms behind the reported anti-cancer effects of Essiac.
© 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction 2004)], and has been used in alternative medicine for over 50
years. Burdock root has been shown to have flavonoid-like
Essiac is a tea prepared from a mixture of herbs [burantioxidants and polyphenols which are also strong antioxi-
dock root Arctium lappa) (Bryson et al., 1978; Rhoads et al., dants. Slippery elm bark has been shown to have anti-tumor,
1984, sheep sorrelRumex acetosella) (Weber, 200¥% slip-  anti-inflammatory, and antioxidant activities. Sheep sorrel has
pery elm bark Ulmus rubra) (Choi et al., 2002; Langmead demonstrated anti-inflammatory, antioxidant, anti-cancer and
et al., 2002; Brown et al., 2004and turkey rhubarbRheum even antibacterial properties. The active ingredient in turkey
officinale) (Shah et al., 1972; Babu et al., 2003; Suresh et al.thubarb, anthraquinones, has been tested experimentally and
found to have anti-inflammatory, anti-septic, anti-spasmodic and
anti-tumor activitiesTamayo et al., 2000 The phytochemicals
Abbreviations: DMEM, Dulbecco’s Modified Eagles Media; DMPO, 5,5- found in these ingredients have several possible modes of action
dimethyl-1-pyrrolineN-oxide; DPPH, 1,1-diphenyl-2-picrylhydrazyl; EDTA, which include: antioxidant which protects cells against oxida-
eth)_/lenediaminetetraacetic e_acid; ESR, electron spin resonance; FBS, fetgle damage, interference with DNA replication and antibacterial
bovine serum; MDA, malondialdehyde; PBS, phosphate-buffered saline; ROS . .
reactive oxygen species éffech'. Although Essiac has .been used to' treat a variety of
* Corresponding author. Tel.: +1 304 285 5831; fax: +1 304 285 5938. conditions as diverse as allergies, hypertension, and osteoporo-
E-mail address: SEL5@cdc.gov (S.S. Leonard). sis, its primary use continues to be the treatment of cancer.
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Evidence for the efficacy of Essiac against cancer is mostly ane@. Materials and methods
dotal. To date, only one clinical trial has been conducted with
Essiac. The study involved patients suffering from advanced.l. Materials
breast cancer and failed to show any benefits of Essiac con-
sumption in those patientKéegi, 1998; Boon et al., 2000 Essiac was obtained as a kind gift from Mr. Al Hoffman
Despite a lack of clinical studies reporting efficacy, 72% of theand was prepared as a mixture of four traditionally used herbs.
patients taking Essiac reported a positive opinion of the producthe relative amounts of each were: burdock raétc{ium
(Richardson et al., 20Q00Flor-Essence, a tea that is similar to lappa) roots (680 g), sheep sorr@umex acetosella) aerial parts
Essiac, but contains four additional herbs watercrgssippa (455 q), slippery elmUlmus rubra) leaves (120 g), and turkey
microphylla), blessed thistleQarbenia benedictus), red clover  rhubarb Rheum officinale) root (30 g). The tea was prepared by
(Trifolium pretense), and kelp Hexagrammos decagrammus), adding Essiac tea powder to distilled water (25 g/AChl and
did not prevent, but actually promoted DMBA-induced mam-boiling for 10 min. The tea was then left to cool for 4 h followed
mary tumor initiation in Sprague—Dawley ra8gnnett et al., by another 5min boil. After overnight storage in a refrigera-
2004. tor one fraction was filtered. Both fractions were stored 4t 4
In vitro, Essiac has been shown to inhibit cell proliferation and used within a week of preparation. The filtered preparation
and induce differentiation in human prostate cancer cell linesf 25 mg/mL was freeze died to determine the concentration
(Ottenweller et al., 2004; Tai et al., 2004 of Essiac tea extraction yield. Samples were found to contain
Reactive oxygen species (ROS) have been associated with4+ 0.26 mg/mL Essiac tea extract. Our study used four dilu-
pathogenic processes including carcinogenesis through diretibns of this extract: 50% (3.7 mg/mL), 25% (1.85 mg/mL), 10%
effects on DNA directly and by acting as a tumor promoter(0.74 mg/mL) and 5% (0.37 mg/mL) extract strengths for use in
(Kehrer, 1993; Salah et al., 1995; Wiseman and Halliwell, 1996experiments.
Vallyathan and Shi, 1997; Kong et al., 2Q0Radicals have been Catalase, FeSQH->0,, xanthine, xanthine oxidase, sodium
demonstrated to be initiators of the oxidative proc®sst(aforte  formate, sodium dichromate (MN@r,O7), Dulbecco’s Modified
et al., 2002, and to be involved in the development of diseaseEagles Media (DMEM), fetal bovine serum (FBS), and peni-
(Aust et al., 1993; Stohs, 1995Catalase, superoxide dismu- cillin/streptomycinwere purchased from Sigma (St. Louis, MO).
tase, glutathione and uric acid are examples of antioxidants,5-Dimethyl-1-pyrrolingv-oxide (DMPQO)was purchased from
produced by organisms under normal conditions as part of Aldrich (Milwaukee, WI).\ Hindlll DNA fragments were pur-
defense system against ROS-mediated cellular injury. Howevechased from Invitrogen (Carlsbad, CA). Vistra green nucleic
if this defense system is challenged or overwhelmed by excescid stain was purchased from Amersham Biosciences (Piscat-
sive generation of ROS, redox imbalance or oxidative stresaway, NJ). Phosphate-buffered saline (PBS) was purchased from
may occur. This can result in damage to the organisarifer, Gibco BRL (Gaithersburg, MD). Chelex 100 chelating resin was
1988; Langard, 1990 and disease initiationHalliwell and  purchased from Bio-Rad Laboratories (Richmond, CA). The
Gutteridge, 200D ROS have also been shown to play an impor-RAW 264.7 cell line was purchased from American Type Culture
tant role in carcinogenesis by damaging DNA and acting a€ollection (Rockville, MD). The spin trap, DMPO, was purified
tumor promoters\Wiseman and Halliwell, 1996; Kong et al., by charcoal decolorization and vacuum distillation. The DMPO
200)). solution, thus purified, did not contain any electron spin reso-
While Essiac has been indicated as a cancer treatment agardnce (ESR) detectable impurities. The phosphate buffer (pH
its antioxidant properties have not been well defined. The presefit4) was treated with Chelex 100 to remove transition metal ion
study uses radical generating systems for both hydr@&@H)  contaminants.
and superoxide (&™) radicals in order to examine Essiac’s
ability to scavenge these free radicals. T radicalwas gen-  2.2. Cell culture
erated by the Fenton reaction between Fg&ad HO, while
the Q°*~ radical was generated from the reaction of xanthine RAW 264.7 mouse monocyte cells were cultured in DMEM
and xanthine oxidase. RAW 264.7 cells stimulated by Cr(VI)with 10% FBS, 2mMc-glutamine and 50 mg/mL pen/strep at
was used as a cellular source of radicals. The cells generat@¥°C in a 5% CQ incubator. Cells were split after confluence
radicals after exposure to Cr(VI) similar to findings in other approximately every 3 days.
studies [eonard et al., 2004and Essiac was added to mea-
sure its effects on radicals produced in this system. Our stud$.3. Free radical measurements
also used the Fenton reaction to genet&ikl radicals in order
to measure lipid peroxidation, DNA damage, and the possible ESR spin trapping was used to detect short-lived free radical
effects of Essiac on these systems. Major questions we wish fatermediates. This technique involves the addition-type reac-
address in our study are: (1) What is the effect of Essigaih  tion of a short-lived radical with a paramagnetic compound (spin
radicals? (2) What is the effect of Essiac ogfOradicals? (3) trap) to form a relatively long-lived free radical product (spin
What is the effect of Essiac on radicals generated in a cellulandduct), which can then be studied using conventional ESR.
system? (4) Can Essiac affect lipid peroxidation in a cellular sysThe intensity of the signal is used to measure the amount of
tem? (5) What effects does Essiac have on DNA damage caussHort-lived radicals trapped, and the hyperfine couplings of the
by free radicals? spin adduct are generally characteristic of the original trapped
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radicals. Spin trapping is the method of choice for detection anfigure legends are final concentrations. Experiments were per-

identification of free radical generation due to its specificity andformed at room temperature and under ambient air. Control

sensitivity (eonard et al., 2000All ESR measurements were reactions of FeSp+ HoO, for hydroxyl radical generation, xan-

conducted using a Bruker EMX spectrometer (Bruker Instruthine + xanthine oxidase for superoxide radical generation and

ments Inc. Billerica, MA 01821, USA) and a flat cell assembly.basal cellular radical generation were used in the respective

Hyperfine couplings were measured (to 0.1 G) directly fromexperiments.

magnetic field separation using potassium tetraperoxochromate

(K3CrOg) and 1,1-diphenyl-2-picrylhydrazyl (DPPH) as ref- 2.4. Lipid peroxidation

erence standarddgnzen and Blackburn, 1968The relative

radical concentration was estimated by multiplying half of the Lipid peroxidation of RAW 264.7 mouse peritoneal mono-

peak height byApr)z, whereAHpp represents peak-to peak cytes activity was estimated by malondialdehyde (MDA) pro-

width. Acquisit software provided by Bruker Instruments Inc. duction, measured by using a colorimetric assay for lipid per-

was used for data acquisitions and analyses. oxidation (LPO-586 Oxis International Inc., Portland, OR).
Reactants were mixed in test tubes in a final volume ofA typical reaction mixture contained Fe3@.1 mM), HO>

1.0mL. The reaction mixture was then transferred to a fla{1 mM) and 1x 10’ cells in a total volume of 1.0 PBS (pH 7.4).

cell for ESR measurement. The concentrations given in th&ssiac tea extract was added to this mixture in concentrations
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Fig. 1. ESR spectra recorded 3 min after reaction initiation in a phosphate-buffered solution (pH 7.4) containing 100 mM DMPO and the followitsy (&pcta
1.0mM FeSQand 1.0 mM HO; (B) 1.0 mM FeSQ, 1.0 mM H,O, and 5% Essiac tea; (C) 1.0 mM Fe5Q.0 mM HO, and 10% Essiac tea; (D) 1.0 mM Fe§O
1.0mM HO, and 25% Essiac tea; (E) 1.0 mM Fe§Q.0 mM H0, and 50% Essiac tea. The ESR spectrometer settings were: receiver gair,1250ime
constant, 40 ms; modulation amplitude, 1.0 G; scan time, 60 s; and magnetic fieldi: 39865. Spectra shown are representative of three samples.
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ranging from 5 to 50% to measure its effect on lipid perox-
idation. The mixture was exposed for 1 h in a shaking water

bath at 37C. The measurement of lipid peroxidation is based

on the reaction of a chromogenic reagent with malonaldehyde

and 4-hydroxyalkenals at 4& (Brambilla et al., 198P The
absorbance of the supernatant was measured at 586 nm. The
percentage of inhibition caused by Essiac tea extract was cal-
culated by comparing values to the control reaction of cellular ~ (A)
exposure to FeSOr HyOo.

2.5. DNA damage

The DNA strand break assay was carried out according to
methods described earlieDéniel et al., 1998 Briefly, reac-
tions were performed in phosphate-buffered saline (pH 7.4) in
1.5 mL polypropylene tubes at ST. A positive control reaction

between FeSpand H0O, was used to generate hydroxyl rad-
icals. Each reaction mixture contained i@ DNA (N Hindlll
fragments), FeSg£(1 mM), H,O» (5 mM) and various concen-
tration of Essiac tea in a total volume of 1@0 of buffer. To (B)
this solution, Z.L of gel loading buffer (50 MM EDTA, 2.5%
sodium dodecyl sulfate (SDS), 0.1% bromophenol blue) was
added, and then electrophoresis was performed in 0.7% agarose
at1-2 V/cmin 40 mM tris acetate buffer containing 2 mM EDTA
F—>

(pH 8.0). Gels were stained in vistra green nucleic acid stain
(5 wL/mL) for 30 min and photographed under UV light using
a Stratagene Eagle Eye Il (Stratagene Inc., La Jolla, CA 92037,
USA).

2.6. Statistics (C)

Data expressed as mearstandard error of the mean
(S.E.M.) (2=3) for each group. One-way ANOVA test was per-
formed using SigmasStat statistical software (Jandel Scientific,
San Rafael, CA) to compare the responses between treatments.
Statistical significance was setyat 0.05.

3. Results

. . .
3.1. Scavenging of *OH by Essiac tea extract Fig. 2. ESR spectra recorded 3 min after reaction initiation in a phosphate-

) buffered solution (pH 7.4) containing 100 mM DMPO and the following reac-
The Fenton reaction (Bé&+H,0, — Fe8*+°*OH+0OH") tants: (A) 1.0 mM FeS@and 1.0 mM HOg; (B) 1.0 mM FeSQ, 1.0 mM H,0;

was used as a source ¥DH radicals. The results of scaveng- and 50% Essiac tea; (C) 1.0mM FeQ.0mM HO,, 50% Essiac tea and
ing *OH radicals generated with this reaction by the addition 01500 mM soqlium formate. The ESR specFrometer_settings were: regeiver gain,
Essiac tea extract are showrﬁ'rg. 1 Fig. 1A shows a spectrum 50 1CP; tl_me_ constant, 40 ms; modulation amplitude, 1.0 G; scan time, 60s;

. o~ ) and magnetic field, 3480 100 G.
of an aqueous solution containing@*eH,0, and the spin trap
DMPO in a phosphate-buffered saline solution. The spectrum
is a 1:2:2:1 quartet with splittings aly =ay =14.9G (Janzen of a secondary radical to verify the presence ©OH radicals
and Blackburn, 1968 These splitting constants and the 1:2:2:1(Fig. 2). In this competition experimentOH radical abstracts
quartet are indicative of the DMP@WD)H adduct Buettner, 1987; a hydrogen atom from formate to form a new radical, which
Shi and Dalal, 19809 The addition of Essiac tea extract, both was trapped by DMPO to generate a new spin adduct signal.
filtered and unfiltered types, reduced the DMPQOI spectra As expected, addition of formate decreased the intensity of
in a concentration-dependent manner, demonstrating Essiac tBMPO/ OH adduct signal and resulted in the appearance of a
extract’s ability to scavenge th®H radical Fig. 1B-E). Since  new spin adduct signal with a hyperfine splittingagf=15.8 G
DMPO/OH could, in principle, arise from many sources otheranday =18.8 G Fig. 2C). These splittings are typical of those
than= OH trapping we performed the competition experimentof DMPO/ COO~ adduct Buettner, 198, demonstrating that
using sodium formate as*®H radical scavenger and a source the* OH radicals are indeed generated. Deferoxamine was also
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used to demonstrate that the Essiac was not acting as a chelateig. 4D—G show the effect of adding increasing concentrations
but as a scavenger (data not shown). of Essiac tea on the quantity of radicals generated by Cr(VI)-
stimulated cells. A reduction in the amount of radicals trapped
was observed, indicating that th@H radicals produced by these
cells are scavenged by the Essiac tea.

Superoxide radicals were generated using a xanthine/

xanthine oxidase system and measured using ESR. The spet4. Inhibition of *OH-induced lipid peroxidation

trum inFig. 3A shows the spin adduct spectrum generated from

xanthine and xanthine oxidase in the presence of DMPO. Anal- Lipid peroxidation is an indicator of possible free radical

ysis of the spectrum shows hyperfine splittingsnat=14.2G,  damage to cells. It has been demonstrated*tbét radicals are

an=11.5G, anda’,q = 1.2G. These splittings are typical of able to cause cell membrane damage and initiate lipid peroxi-

the DMPO/GQ*~ spectra §hi et al., 200D Fig. 3B—E shows dation §hi et al., 1989; Leonard et al., 200Fig. 5 displays

the reduction in signal effects of Essiac tea extract on theéhe results of the measurement of lipid peroxidation by radicals

DMPO/O,*~ adduct signal in a concentration-dependent mangenerated in the Fenton reaction and the subsequent protective

ner, using both filtered and unfiltered samples. effects of Essiac tea in RAW 264.7 cells. In the present study,
measurements were made on lipid peroxidation in untreated con-

3.3. Effect on radicals induced by cellular exposure to trol cells, cells exposed to the Fenton reaction, and cells exposed

CrH(VI) to the Fenton reaction with Essiac tea treatment at various con-
centrations. The Essiac tea protected the cells from the radicals

The generation ofOH radical from Cr(VI1) stimulated RAW generated by the Fenton reaction in a concentration-dependent
264.7 cells inthe presence of DMPO and the effects of Essiac afganner.
displayed irFig. 4 The spectraifrig. 4A and B show the spectra
recorded from the spin trap DMPO and RAW 264.7 cells, respec3.5. Inhibition of hydroxyl radical (*OH)-induced DNA
tively, in the presence of DMPO. The spectrunfrig. 4C shows  damage
the result of RAW 264.7 cells exposed to Cr(VI) in the presence
ofthe spintrap DMPO. The spectrum exhibitsthe 1:2:2:1 quartet The Fenton reaction was used again to genéfbk¢radicals.
and hyperfine splitting associated with the DMPOWH adduct.  Essiac tea extract was observed to protect the DNA frorh@ite

3.2. Scavenging of O2°~ by Essiac tea

ﬂ
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Fig. 3. ESR spectra recorded 1 min after reaction initiation from a phosphate-buffered solution (pH 7.4) containing 100 mM DMPO and the folltavitsg (&ac

3.5mM xanthine and 2 U/mL xanthine oxidase; (B) 3.5 mM xanthine, 2 U/mL xanthine oxidase and 5% Essiac tea; (C) 3.5 mM xanthine, 2 U/mL xanthine oxidase
and 10% Essiac tea; (D) 3.5 mM xanthine, 2 U/mL xanthine oxidase and 25% Essiac tea; (E) 3.5 mM xanthine, 2 U/mL xanthine oxidase and 50% Essiac tea. Th
ESR spectrometer settings were: receiver gain, 2.50%; time constant, 20 ms; modulation amplitude, 1.0 G; scan time, 60 s; and magnetic field; 388G.

Spectra shown are representative of three samples.
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Fig. 4. ESR spectra recorded 5 min after addition of Cr(VI) to cell suspension in a phosphate-buffered solution (pH 7.4) containing the folltavitey (A3c

100 mM DMPO alone; (B) 100 mM DMPO andx110° RAW 264.7 cells; (C) 100 mM DMPO, 2 mM Cr(VI) andx1 10° RAW 264.7 cells; (D) 100 mM DMPO,
2mM Cr(VI), 1 x 10 RAW 264.7 cells and 5% Essiac tea (filtered); (E) 100 mM DMPO, 2mM Cr(VR,10f RAW 264.7 cells and 10% Essiac tea (filtered);
(F) 1200 mM DMPO, 2mM Cr(VI), Ix 10° RAW 264.7 cells and 25% Essiac tea (filtered); (G) 100 mM DMPO, 2 mM Cr(VR,10° RAW 264.7 cells and 50%
Essiac tea (filtered). The ESR spectrometer settings were: receiver gaiws, B0b2ime constant, 4 ms; modulation amplitude, 1.0 G; scan time, 60 s; and magnetic
field, 3486+ 100 G. Spectra shown are representative of three samples.

radical “fragmenting” effect on the Hindlll DNA (Fig. 6). Lane

1 represents untreatad7indlll DNA alone as a control. Lane 2
shows that DNA was damaged by the Fenton reaction, resulting
in smearing of the seven DNA bands. Lanes 3-6 are identical

Lipid peroxidation Essiac Tea . . . .
to lane 2 but with various concentrations of Essiac tea extract

5.0 added. It should be noted that the smearing (lanes 3—-6) was
less noticeable and that the DNA bands were more pronounced
451 than in lane 2, indicating that the Essiac tea extract was able to
scavenge th#OH radicals and protect the DNA fragments from
3:: 401 damage.
Py
S 354
§ . 4. Discussion
S 30 _
2 The results from the present study demonstrate that Essiac tea
= ,: effectively scavenges several types of radicals and that it pos-
sesses DNA-protective effects. In non-cellular systems, Essiac
- effectively scavengedOH and Q°*~ radicals and prevented
Control Fenton 5%  10%  25%  50% *OH-induced DNA damage. In an RAW 264.7 cell system,
Samples - Essiac tea added Essiac also scavenged induced radicals as well as effectively

. . - o _ __inhibiting lipid peroxidation. Essiac also was found to inhibit
Fig. 5. Fenton reaction-induced lipid peroxidation. Exposure mixture containe .
1.0mM FeSQ and 0.1mM HO,, 5x 107 RAW 264.7 cells and beween 5 DNA damage caused BOH radicals. . ,
and 50% concentrations of Essiac tea (filtered). Data presented are means of ROS and free radicals are involved in a variety of diseases
+S.E.M. for five experiments. Asterisks indicate a significant decrease in lipicand cellular response pathwaysugt et al., 1993; Stohs, 1995;
peroxidation compared to the positive control Fenton reacttond.05). Pietraforte et al., 20020rganisms generate antioxidants, such
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It should be noted that Essiac was used in an aqueous medium
in order to eliminate the scavenging interference presented by
organic solvents, such as EtOH. This limited the concentra-
tions which could be used to those of an aqueous environ-
ment.

The ability of Essiac to scavenge radicals generated by cellu-
lar exposure to Cr(VI) further indicates Essiac’s radical scaveng-
ing ability in different types of ROS generation systems. RAW
264.7 activation by Cr(VI) has been used previously to show
the oxidative stress that result from cellular stimulation by this
transition metal $hi et al., 1999 Cellular systems generate a
variety of radicals including peroxisome release ofd4 and
electron transport chain®~ generation. The scavenging seen
with *OH and Q*~ by Essiac demonstrates its effectiveness
against biologically generated radicals.

Another aspect of free radical damage involves injury to
cellular membranes. Measurement of lipid peroxidation was
1 2 3 4 5 6 used as an indicator of membrane damage in RAW 264.7
cells exposed td®OH radicals generated from the Fenton
reaction. Lipid peroxidation can cause a cascade effect of
lipid-derived radicals, thereby causing additional membrane
damage. The products of lipid peroxidation, malondialdehyde
and other groups of aldehyde products, such as hexanal, 4-

1- DNA only
2 - Fenton reaction
3-2+ 5% Essiac Tea

4-2+10% Esslac Tea hydroxylnonenal and related aldehydes, may also cause DNA
5- 2 + 25% Essiac Tea damage Yaca et al., 1988 It has also been proposed that free
6 - 2 + 50% Essiac Tea radicals derived from lipid peroxidation may function as tumor

Fig. 6. DNA strand breaks ik Hindlll DNA induced by Fenton-mediated reac- initiators CESterbauer' 1982 Our results showed that Essiac
tions. Lane 1: DNA alone: lane 2: DNA, 1 mM Feg@nd 5mM HO,: lane 3:  was effective in inhibiting lipid peroxidation of cellular mem-
DNA, 5% Essiac tea, 1 mM FeS@nd 5mM HO5; lane 4: DNA, 10% Essiac  branes.
tea, 1 mM FeS@and 5mM H0; lane 5: DNA, 25% Essiac tea, 1 mM Fe50 The present investigation also examined the ability of Essiac
and 5mM H0; lane 6: DNA, 50% Essiac tea, 1mM Fesand SmM B0z 4 inhibit DNA damage in Hindlll DNA fragments from expo-
sure to free radicals. The Fenton reaction betweett Bed
as catalase, SOD and uric acid, which act as endogenous antidA>O, generates Fé, OH~ and*OH (Halliwell and Gutteridge,
idant defensesHarber, 1988; Langard, 1990; Halliwell and 1992. The hydroxyl radicals produced can cause DNA strand
Gutteridge, 200D Recently, exogenous antioxidants introducedbreaks. This DNA damage by free radicals has been shown to
through diet or by other means have become popular. There hatay a key role in metal-induced carcinogeneBiaystenbach et
been a growing interest in the identification of possible dietaral., 1996 Anderson et al., 2001; Chen et al., 2001; Leonard et
antioxidants to treat or prevent diseases caused by free radicaid., 2002b; Barreto et al., 20D5T he results of the present study
These substances include fruits, vegetables and teas, as welliadicate that Essiac can inhibit DNA damage caused®#.
their derivatives \Vang et al., 1996; Fauconneau et al., 1997;Carcinogens, such as chromium, asbestos, silica, nickel and pos-
Eberhardt et al., 2000; Karlsson et al., 2000; Leonard et alsibly other metal systems, exert their carcinogenic effect, in part,
20023. Epidemiologic studies have shown the effectiveness ofhrough production of free radicalSki et al., 1989; Lison et al.,
diets rich in fruits and vegetables in reducing the risks of can2001; Kang, 2002; De Bont, 2004; Leonard et al., 2004
cer and other disease¥ang et al., 2000 ROS damage can The ability of Essiac to scavenge free radicals in an in
be affected by two factors: (1) scavenging of radicals formedsitro system demonstrates its possible preventative value in
during reactions and (2) inhibiting the radical generation. Thehe inhibition of carcinogenesis involving free radical reac-
results of the present study indicate that Essiac scavenged thiens.
radicals but did not inhibit their production as measured by spin In summary the results of the present investigation indicate
trapping competitions using sodium formate as a second frethe following: (1) Essiac is atOH radical scavenger; (2) Essiac
radical scavenger. scavenged the £~ radical; (3) radicals produced by the RAW
The Fenton reaction, involving Feand HO, for *OH gen-  264.7 cellular reaction with Cr(VI) were scavenged by Essiac;
eration, was used to demonstrate Essiac’s ability to scavendd) lipid peroxidation in cell membranes caused by exposure to
*OH radicals and establish its concentration dependence. W&H radicals was inhibited by Essiac; (5) DNA damage due to
also used the reaction between xanthine and xanthine oxidase*®H radicals produced by the Fenton reaction was inhibited by
demonstrate the ability of Essiac to scaveng@ Oradical and  Essiac. Together, these dataindicate that Essiac possesses a spec-
a Cr(VI) system to measure the effect of Essiac in a transitiotrum of antioxidant and DNA-protective properties common to
metal-based radical generating system. anti-cancer agents.



S.S. Leonard et al. / Journal of Ethnopharmacology 103 (2006) 288-296 295

References Karlsson, J., Emgard, M., Brundin, P., Burkitt, M.J., 2000. Trans-resveratrol
protects embryonic mesencephalic cells freere-butyl hydroperoxide:
Anderson, R.F., Fisher, L.J., Hara, Y., Harris, T., Mak, W.B., Melton, L.D., electron paramagnetic resonance spin trapping evidence for a radical scav-
Packer, J.E., 2001. Green tea catechins partially protect DNA fOH enging mechanism. Journal of Neurochemistry 75, 141-150.
radical-induced strand breaks and base damage through fast chemidg&khrer, J.P., 1993. Free radicals as mediators of tissue injury and disease.
repair of DNA radicals. Carcinogenesis 22, 1189-1193. Critical Review of Biochemistry and Molecular Biology 23, 21-48.

Aust, S.D., Chignell, C.F., Bray, T.M., Kalyanaraman, B., Mason, R.P., 1993Kong, A.N., Yu, R., Hebbar, V., Chen, C., Owuor, E., Hu, R., Ee, R., Man-
Free radicals in toxicology. Toxicology and Applied Pharmacology 120, dlekar, S., 2001. Signal transduction events elicited by cancer prevention

168-178. compounds. Mutation Research 480/481, 231-241.

Babu, K.S., Srinivas, P.V., Praveen, B., Kishore, K.S., Murty, U.S., Rao, J.M.Langard, S., 1990. One hundred years of chromium and cancer: a review of
2003. Antimicrobial constituents from the rhizomes Bkeum emodi. epidemiological evidence and selected case reports. American Journal of
Phytochemistry 62, 203-207. Industrial Medicine 17, 189-215.

Barreto, R., Kawakita, S., Tsuchiya, J., Minelli, E., Pavasuthipasit, K.,Langmead, L., Dawson, C., Hawkins, C., Banna, N., Loo, S., Rampton,
Helmy, A., Marotta, F., 2005. Metal-induced oxidative damage in cul-  D.S., 2002. Antioxidant effects of herbal therapies used by patients with
tured hepatocytes and hepatic lysosomal fraction: beneficial effect of a inflammatory bowel disease: an in vitro study. Aliment Pharmacology
curcumin/absinthium compound. Chinese Journal of Digestive Diseases Therapy 16, 197-205.

6, 31-36. Leonard, S.S., Cutler, D., Ding, M., Vallyathan, V., Castranova, V., Shi, X.,

Bennett, L.M., Montgomery, J.L., Steinberg, S.M., Kulp, K.S., 2004. Flor- 2002a. Antioxidant properties of fruit and vegetable juices: more to the
Essence herbal tonic does not inhibit mammary tumor development in  story than ascorbic acid. Annals of Clinical and Laboratory Science 32,
Sprague Dawley rats. Breast Cancer Research and Treatment 88, 87-93. 193—-200.

Boon, H., Stewart, M., Kennard, M.A., Gray, R., Sawka, C., Brown, J.B., Leonard, S.S., Roberts, J.R., Antonini, J.M., Castranova, V., Shi, X., 2004.
McWilliam, C., Gavin, A., Baron, R.A., Aaron, D., Haines-Kamka, T., PbCrQ mediates cellular responses via reactive oxygen species. Molec-
2000. Use of complementary/alternative medicine by breast cancer sur- ular and Cellular Biochemistry 255, 171-179.
vivors in Ontario: prevalence and perceptions. Journal of Clinical Oncol-Leonard, S.S., Wang, S., Shi, X., Jordan, B.S., Castranova, V., Dubick,

ogy 18, 2515-2521. M.A., 2000. Wood smoke particles generate free radicals and cause
Brambilla, G., Martelli, A., Marinari, U.M., 1989. Is lipid peroxidation asso- lipid peroxidation, DNA damage. N&B activation and TNFx release
ciated with DNA damage? Mutation Research 214, 123-127. in macrophages. Toxicology 150, 147-157.

Brown, A.C., Hairfield, M., Richards, D.G., McMillin, D.L., Mein, E.A., Nel- Leonard, S.S., Vallyathan, V., Castranova, V., Shi, X., 2002b. Generation
son, C.D., 2004. Medical nutrition therapy as a potential complementary of reactive oxygen species in the enzymatic reduction of PhCaad
treatment for psoriasis-five case reports. Alternative Medicine Review 9, related DNA damage. Molecular and Cellular Biochemistry 234/235, 309—
297-307. 315.

Bryson, P.D., Watanabe, A.S., Rumack, B.H., Murphy, R.C., 1978. BurdocK.ison, D., De Boeck, M., Verougstraete, V., Kirsch-Volders, M., 2001. Update
root tea poisoning. Case report involving a commercial preparation. Jour- on the genotoxicity and carcinogenicity of cobalt compounds. Occupa-

nal of the American Medical Association 19 (239), 2157. tional & Environmental Medicine 58, 619-625.
Buettner, G.R., 1987. Spin trapping: ESR parameters of spin adducts. Fre@ttenweller, J., Putt, K., Blumenthal, E.J., Dhawale, S., Dhawale, S.W., 2004.
Radical Biology & Medicine 3, 259-303. Inhibition of prostate cancer-cell proliferation by Essiac. Journal of Alter-

Chen, F., Vallyathan, V., Castranova, V., Shi, X., 2001. Cell apoptosis native and Complementary Medicine 10, 687—691.
induced by carcinogenic metals. Molecular & Cellular Biochemistry 222, Paustenbach, D.J., Finley, B.L., Kacew, S., 1996. Biological relevance and
183-188. consequences of chemical- or metal-induced DNA cross-linking. Proceed-

Choi, H.R., Choi, J.S., Han, Y.N., Bae, S.J., Chung, H.Y., 2002. Peroxynitrite ings of the Society for Experimental Biology & Medicine 211, 211—
scavenging activity of herb extracts. Phytotherapy Research 16, 364-367. 217.

Daniel, L.N., Mao, Y., Saffiotti, U., 1993. Oxidative DNA damage by crys- Pietraforte, D., Turco, L., Azzini, E., Minetti, M., 2002. On-line EPR study

talline silica. Free Radical Biology & Medicine 14, 463—-472. of free radicals induced by peroxidase/H(2)O(2) in human low-density
De Bont, L., 2004. Nik 1 endogenous DNA damage in humans: a review of lipoprotein. Biochimica et Biophysica Acta 1583, 176-184.

guantitative data. Mutagenesis 19, 169-185. Rhoads, P.M., Tong, T.G., Banner Jr., W., Anderson, R., 1984. Anticholiner-
Eberhardt, M.V.,, Lee, C.Y,, Liu, R.H., 2000. Antioxidant activity of fresh gic poisonings associated with commercial burdock root tea. Journal of

apples. Nature 405, 903-904. Toxicology. Clinical Toxicology 22, 581-584.

Esterbauer, H., 1982. In: McBrien, D.C.H., Slater, T.F. (Eds.), Free RadicalsRichardson, M.A., Sanders, T., Tamayo, C., Perez, C., Palmer, J.L., 2000.
Lipid Peroxidation and Cancer. Academic Press, New York, pp. 101-128.  Flor-Essence herbal tonic use in North America: a profile of general con-

Farber, E., 1988. Cancer development and its natural history. A cancer pre- sumers’ and cancer patients’ herbal tonic use in North America. Herbal
vention perspective. Cancer 62 (8 Suppl), 1676-1679. Gram 50, 40-46.

Fauconneau, B., Waffo-Teguo, P., Huguet, F., Barrier, L., Decendit, A., MerSalah, N., Miller, N.J., Paganga, G., Tijburg, L., Bolwell, G.P., Rice-Evans,
illon, J.M., 1997. Comparative study of radical scavenger and antioxidant C., 1995. Polyphenolic flavanols as scavengers of aqueous phase radi-

properties of phenolic compounds froWiris vinifera cell culture using cals and as chain-breaking antioxidants. Archives of Biochemistry and
in vitro tests. Life Science 61, 2103-2110. Biophysics 322, 339-346.
Halliwell, B., Gutteridge, J.M.C., 2000. Oxidative Stress. Free Radicals inShah, C.S., Qadry, J.S., Bhatt, J.G., 1972. Qualitative and quantitative eval-
Biology and Medicine, 3rd ed. Oxford University Press, New York. uation of anthraquinone derivatives in Indian rhubarb. Planta Medica 22,
Halliwell, B., Gutteridge, J.M.C., 1992. Biologically relevant metal ion- 103-108.
dependentOH generation. An update. FEBS Letters 307, 108. Shi, X., Chiu, A., Chen, C.T., Halliwell, B., Castranova, V., Vallyathan, V.,

Janzen, E.G., Blackburn, B.J., 1968. Detection and identification of short- 1999. Reduction of chromium(VI) and its relationship to carcinogenesis.
lived free radicals by an electron spin resonance trapping technique. Journal of Toxicology and Environmental Health 2, 101-118.
Journal of the American Chemical Society 90, 5909-5910. Shi, X., Dalal, N.S., 1989. Chromium(V) and hydroxyl radical generation

Kaegi, E., 1998. Unconventional therapies for cancer. 1. Essiac. The Task during the glutathione reductase-catalyzed reduction of chromium(VI).
Force on Alternative Therapies of the Canadian Breast Cancer Research Biochemistry and Biophysics Research Communications 163, 627—
Initiative. Canadian Medical Association Journal 158, 897-902. 634.

Kang, D.H., 2002. Oxidative Stress, DNA Damage, and Breast Cancer. AACNshi, X., Dalal, N.S., Hu, X., Vallyathan, V., 1989. The chemical properties
Clinical Issues: Advanced Practice in Acute & Critical Care. Current  of silica particle surface in relation to silica-cell interactions. Journal of
Issues in Genetics 13, 540-549. Toxicology and Environmental Health 27, 435-454.



296 S.S. Leonard et al. / Journal of Ethnopharmacology 103 (2006) 288-296

Shi, X., Ye, J., Leonard, S.S., Ding, M., Vallyathan, V., Castranova,Vaca, C.E., Wilhelm, J., Harms-Ringdahl, M., 1988. Interaction of lipid
V., Rojanasakul, Y., Dong, Z., 2000. Antioxidant properties of)-( peroxidation products with DNA. A review. Mutation Research 195,
epicatechin-3-gallate and its inhibition of Cr(VI)-induced DNA damage 137-149.
and Cr(IV)- or TPA-stimulated NF-kappaB activation. Molecular and Cel- Vallyathan, V., Shi, X., 1997. The role of oxygen free radicals in occupational

lular Biochemistry 206, 125-132. and environmental lung diseases. Environmental Health Perspectives 105,
Stohs, S.J., 1995. The role of free radicals in toxicity and disease. Journal 165-177.

of Basic Clinical Physiology and Pharmacology 6, 205-228. Wang, H., Guohua, C., Prior, R., 1996. Total antioxidant capacity of fruits.
Suresh, B.K., Tiwari, A.K., Srinivas, P.V,, Ali, A.Z., China, R.B., Rao, J.M., Journal of Agriculture and Food Chemistry 44, 701-705.

2004. Yeast and mammalian alpha-glucosidase inhibitory constituent8Veber, R.W., 2004. Sheep sorrel. Annals of Allergy, Asthma and Immunology

from Himalayan rhubarb Rheum emodi Wall.ex Meisson. Bioorganic & 93, A6.

Medicinal Chemistry Letters 14, 3841-3845. Wiseman, H., Halliwell, B., 1996. Damage to DNA by reactive oxygen and
Tai, J., Cheung, S., Wong, S., Lowe, C., 2004. In vitro comparison of nitrogen species: role in inflammatory disease and progression to cancer.

Essiac and Flor-Essence on human tumor cell lines. Oncology Reports 2, Journal of Biochemistry 313, 17-29.

471-476. Yang, C.S., Chung, J.Y., Yang, G., Chhabra, S.K., Lee, M.J., 2000. Tea and
Tamayo, C., Richardson, M.A., Diamond, S., Skoda, I., 2000. The chemistry tea polyphenols in cancer prevention. Journal of Nutrition 130 (2S Suppl),

and biological activity of herbs used in Flor-Essence herbal tonic and 472S-478S.

Essiac. Phytotherapy Research 14, 1-14.



	Essiac tea: Scavenging of reactive oxygen species and effects on DNA damage
	Introduction
	Materials and methods
	Materials
	Cell culture
	Free radical measurements
	Lipid peroxidation
	DNA damage
	Statistics

	Results
	Scavenging of OH by Essiac tea extract
	Scavenging of O2- by Essiac tea
	Effect on radicals induced by cellular exposure to Cr(VI)
	Inhibition of OH-induced lipid peroxidation
	Inhibition of hydroxyl radical (OH)-induced DNA damage

	Discussion
	References


