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ABSTRACT

Background: Cruciferons vegetable (CV) consumption is associ-
ated with a reduced risk of several cancers in epidemiologic studies.
Objective: The aim of this study was to determine the effects of
witercress (2 CV) supplementation on biomarkers related to cancer
risk in healthy adults.

Design: A single-blind, randomized, crossover study was conducted
in 30 men and 30 women (30 smokers and 30 nonsmokers) with a
meun age of 33 y (range: 19-55 y). The subjects were fed 85 g raw
watercress daity for 8 wk in addition to their habitual diet. The effect
of supplementation was measured on a range of endpeints, including
DNA damuge in lymphocytes (with the comet assay), activity of
detoxifying enzymes (glutathione peroxidase and superoxide dis-
mutase) in erythroeytes, plasma antioxidants (retinol, ascorbic acid,
a-tocopherol, Tutein, und B-carotene}, plasma total antioxidant sta-
tus with the use of the ferric reducing ability of plasma assay, and
plasma lipid profile,

Results: Watercress supplementation (active compared with control
phase) was associated with reductions in basal DNA damage (by
17%; P = 0.03), in basal plus oxidative purine DNA damage (by
23.9%; P = 0.002), and in basal DNA damage in respanse to ex vivo
hydrogen peroxide challenge (by 9.4%; P =0.07). Beneficial
changes seen after watereress intervention were greater and more
significant in smokers than in nonsmokers. Plasma lutein and
B-curotene incrensed significantly by 100% and 33% (P << 0.001),
respectively, after watercress supplementation.

Conclusion: The results support the theory that consumption of
watercress can be linked to a reduced risk of cancer via decreased
damage to DNA and possible modulation of antioxidant status by
increasing carotenoid concentrations. Am J Clin N 2007;85:
504-10.

KEY WORDS Waltercress, cruciferons vegetables, DNA dam-
age, antioxidants, humans, cancer biomarkers

INTRODUCTION

Increased vegetable intake, purticularly of cruciferous vege-
tables (CVs) such as cabbage, canliflower, broceoli, Brussels
sprouts, watercress, and mustard greens, is associated with a
decreased risk of several cancers in human population studies
(1-9). However, not all associations, which have mostly been
obtained from epidemiologic studies, are necessarily causal, and
thus, intervention studies with specific dictary factors of interest
are crucial,

CVs, especially those of the Brassica varicty, have been
shown to display several anticarcinogenic properties in vivo, as
reviewed by Steinkellner et al (10) with the various underlying
mechanisms having been summarized by others (11). Some of
these mechanisms include alterations in the activities of meta-
bolic enzymes {12), resulting in reduced carcinogenicity of di-
etary or environmental carcinogens in vivo (13), reduction of
oxidative DNA damage ievels in humans after supplementation
with Brossels sprouts {(14), and reduced DNA damage in human
lymphocytes ex vive in conditions of increased oxidative stress
after supplementation with cruciferous and leguminous sprouts
(13). Moreover, in in vitro studies, extracts of Brussels sprouots
have been shown to reduce the genotoxic effects of hydrogen
peroxide in human lymphocytes {18), and those of cruciferous
and leguminous sprouts reduced genotoxic effects of hydrogen
peroxide in humun colon cancer (HT-29) cell lines (15). In terms
of the active chemical species, CVs are rich sources of glucosi-
nolates, a class of sulfur- and nitrogen-containing glycosides that
are hydrolyzed (by plant myrosinase or intestinal microflora) to
form isothiocyanates. These isethiocyanates have been shown,
m several in vitro and in vivo studies, to display anticarcinogenic
properties as reviewed previously (9, 17). Walercress (Rorippa
pasiertinm-aguaticum) in particnlar contains one of the highest
concentrations of glucosinolates per gram weight of any vege-
table (18, 19) as well as containing high concentrations of caro-
{enoids such as Jutein and B-carotene {20). These phytochemi-
cals have also been associated with various anticarcinogenic
properties, including antioxidant activities. Members of the Cru-
ciferae family have also been shown to contain high amounts of
phenolic compounds (21).

Despite the widely documented protective effects of CVs,
only a few studies have investigated their effects on cancer risk
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with the use of human intervention trials. These trials have either
been of parallel or crossover designs, with subject numbers rang-
ing from 10-43, intervened with either broccoli, Brussels
sprouts, or cruciferous and leguminous sprouts for between 3 d
and 21 d in healthy subjects, measured improvements in o range
of surrogate endpoints relating to cancer risks, including gluta-
thione S-trunsferase (GST) activity, lymphocyte DNA damage,
and uninary metabolite excretion profiles (14, 15, 22, 23). The
aim of the present study was to investigate whether a diet sup-
plemented with watercress had any effects on intermediate end-
points (biomarkers) of cancer risk by using blood as o surrogate
tissue. We measured the concentrations of various antioxidants,
activities of metabolizing enzymes, and DNA damage in lym-
phocytes.

SUBJECTS AND METHODS

Suhjects

The study was conducted in sixty voluntcers {mean {£5D)
age: 32.08 = 10.97 y; range: 19-55 y]; 30 were men and 30 were
women, 3} were nonsmokers and 30 were smokers (smoked
15-25 cigarettes/d). All subjects were heaithy and nonusers of
dielary supplements or medications, as determined using a pre-
screening health and lifestyle questionnaire and standard clinical
tests. The study was conducted with the prior approval of the
cthics committee of the University of Ulster and with the in-
formed consent of participants.

Study design

The study design was a single blind, randomized crossover
trial, The volunteers were randomly assigned to either the treat-

- ment (watercress supplemented) or control group during the first

phase of the study. Tt was ensured that each of these groups
contained equal numbers of men and women and of smokers and
nonsmokers. During the treatment phase, the subjects consumed
one portion (85 g) of raw watercress daily for 8 wk in addition to
their nonmal diet. During the control phase (8 wk), the subjects
were asked to maintain their habitual diet. The control and the
treatment phases were sepurated by a 7-wk washoul phase. All
volunteers completed a 7-d food diary during each phase of the
trial. The watercress used for this intervention study was o com-
mercially available product produced by Vitacress Lid
(Southampton, United Kingdom). The subjects were supplied
with fresh watercress (85 g bag/d) during the supplementation
phase, and it was purchased from a local supermarket every 2-3
days. Fasting blood samples were collected before and after each
phase {week 0, week 8, week 15, and week 23) by venepuncture
inlo EDTA- orlithium heparin—-containing tubes, as required. All
blood samples were processed on ice. Lymphocytes were iso-
lated by using Histopaques-1077, according to the manufacturers
instructions (Sigma Disgnostics, St Louis, MQ), and plasma
sumples were prepared by centrifugation at 1000 X g for 10 min,
4 °C, Red blood cell concentrate (washed twice with phosphate-
buffered saline) samples were also collected. Plasma and red
blood cells were immediately stored at —80 °C, whereas lym-
phocytes were stored frozen in liquid nitrogen. All biological
measurements were carried out st the end of the intervention in
balches containing equal number of active and control phase
sumples in each batch, and the researchers were blinded to these
samples during analyses.

Methods

Watercress component analysis

A random bag of watercress was selected from each weekly
supply during the B-wk period that subjects consumed waler-
cress. These samples were immediately stored at —80 °C (in an
unopened form, stored in its original profective atmosphere) untit
analysis, Originally, sumple bags of watercress were collected
for both watercress intervention periods to allow comparison of
levels throughout the §-mo study. However, a freezer breakdown
resulted in the loss of the material collected during the first
watercress consumption period, and, consequently, all data re-
lated to samples of supplemented watercress are derived from the
second intervention period. Watercress leaves were processed by
using methods previously detailed by Mellon et ul (24) with the
use of liquid chromatography—mass spectroscopy (LC-MS). Alj
glucosinolate standards had been previously purified, and fla-
vonoid standards were either obtained from Extrasynthese
(Genay, France) or had been previously purified from broccoli
(quercetin-3-0-sophoroside and various hydroxycinnamic acid
gentiobiose  derivatives) and  leftuce  (quercetin-3-0-[6'-
malonyl-glucoside]). The sampies were freeze-dried and milled
to a fine powder before extraction. All samples were analyzed in
triplicate, by using ion-pair LC with UV-vis and also jon-pair
LC/electrospray Jenisation (EST) MS (to further confirm identi-
ties). The LC gradient for glucosinolate and phenolic analysis is
a4 multipurpose chromatographic method that simultaneously
separates glucosinolates and phenolics. The samples (40 mg)
were extracted in 1 mL 70% acetonitrile (MeCN) at 70 °C for 20
min before being processed by the method previously detailed,
with the use of sinigrin as the extraction standard. An injection
volume of 20 L was used. Glucosinolale and phenolic analyses
were performed by using the negative ion electrospray ramped
cone voltage method. Hydrolysis product analyses were per-
formed by using the same LC/MS system.

DNA damage in lymphocytes

Peripheral blood lymphocytes, previously isolated and stored
in liquid nitrogen, were thawed and sereened for single strand
breaks (SBs) in DNA by using the single cell gel electrophoresis
(Comet) assay (25). Formamidopyrimidine DNA glycosilase
(FPG) modification to the method was also used to allow addi-
tional oxidative purine damage to be assessed, according to the
methed of Colling et al (26). In brief, after the lysis stage, a
scparate slide to assess oxidative damage was washed in FPG
reaction buffer {0.02 mmol/L Tris-HCL, 0.4 M NaCL, 1 mmol/L
EDTA, and 0.5 mg/mL BSA, pH 7.5) lor 3 X 5 min, After this,
40 L of FPG (16 U/mL) was applied to the cells and incubated
at 37 °C for 30 min, All slides were then transferred together to
an electrophoresis chamber. In addition, basal DNA damage
(5B) was measured in lymphocytes subjected o increased oxi-
dative insult ex vivo by pretreating lymphocyles with 150 pmol
H.0./L for 5 min, 4 °C, before the measurement of SBs. The
mean (percentage DNA in tail) was calculated from 50 cells per
gel (euch sample in duplicate) and the mean of each set of data
were bsed in the statistical analysis,

Biochemical assays with the use of plasma and erythroeytes

The ferric reducing/antioxidant and ascorbic acid concentra-
tion (FRASC) assay was used in the simultancous measurement
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of ascorbic acid and the total antioxidant capacity of plasma
(ferric reducing ubility of plasma, FRAP), as described in the
methods of Benzie and Strain (27, 28). Working FRASC reagent
was prepared by mixing 25 mL acetate buffer (300 mmol/L,
[3.1 g C4H3NaQ, 3H,0 (Riedel-de Huen, Seelze, Germany)],
pH 3.6} and 16 mL C,H,0, [BDH Laboratory Supplies, Poole,
UK] per liter of buffer solution, 2.5 mL TPTZ solution
{10 mmol/L [2,4,6]-tripyridyl-s-triazine (Fluka Chemicals,
Buchs, Switzerland) in 40 mmol/L HC! (BDH)] and 2.5 mL
FeCl; 6H,0 solution (20 mmel/L; BDH), The Hitachi 912 au-
toanalyser {(Roche, Basel, Switzerland) was used to obtain both
the FRAP value and the ascorbic acid concentration of the sam-
ples. This was done via monitoring the 0-4 min absorbance
change of paired aliguols of water (40 pL added to 100 pl.
sumple) and ascorbate oxidase (40 pL of a 4 pl/mL solution
added to 100 pL sample)-treated samples run in parallel. The 4
min absorbence chunge of the aliquot diluted in water is referred
to as the FRAP valuc. From this value, the absorbance change of
the aliquot diluted with ascorbate oxidise was subtracted and the
difference in the 2 readings was due specifically to the ascorbic
acid (vitamin C) in the sarmple. By using the difference of the 2
readings (with and without ascorbic oxidase) and the stoichio-
matric factor of the reaction, ascorbic acid concentration of
plasma was calculated. Glutathione peroxidase {GPX) in red
blood celi concentrate was measured on the Hitachi 912
using a commercial kit (RANSEL kit; Randox Laboritories Lid,
Crumlin, CO Antrim, United Kingdom) aceording to kit manu-
facturers instructions. RCC aliquots were diluted in diluting
buffer (40 uL RCC in 800 pL diluting buffer), followed by an
addition of 800 pL Double Strength Drabkin’s reagent
(RANSEL kit). Superoxide dismutase (SOD) in red bleod cell
concentrate was measured by using the Hitachi 912 with ¢ com-
mercial kit (RANSOD kit; Randox Loboratories Ltd, Cromlin,
CO Antrim, United Kingdom) uccording to manufacturer’s in-
structions. RCC aliquots were diluted in phosphate buffer (20 1L
RCC in 4 mL phosphate buffer). SOD and GPX controls (Randox
Laboritories Lid} were run every 20 (ests. The % CVs of the inter-
batch controls for both the assuys were <<5%. The GPX and the
SOD results were standardized to red blood cell concentrate (RCC)
hemoglobin concentration, and the final resulls were expressed in
Ufg hemoglobin. Plasma lutein, retinol, - tocopherol, and
B-carotene were analyzed by simultuneous determination by
using the HPLC method described by Thurnham et al (29).
Plasma total cholesterol, HDL cholesterol, and triacylglycer-
ols were measured on the Hitachi 912 autoanalyser by using
commercial kits (Roche diagnostics, Lewis, United King-
dom) according to kit manufacturer's protocols, and plasma
LDL cholesteroi was calculated from the other 3 lipid profile
parameters by using the Friedewald formula (30).
Statistics

All values are expressed as mean = SD, unless otherwise
specified. The mean values are shown for all subjects (n = 60)
during their supplementation {watercress) phase and during their
control (no watercress) phase. The differences in the mean were
caleulaled using paired samples ¢ test for normally distribuled
data, whereas Mann-Whitney I test or Wilcoxen's signed-rank
test were used for data that were not normally distributed. For the
blood biomarker measurements, the results are presented as treat-
ment effects, this was achieved by calculating individual differ-
ences between the values before and after treatment for both the

TABLE 1

Averige concentration of phenalics, glucosinolates (GLS), and
hydroxylited cinamic acid (MCA) derivatives in walercress leaves
consumed by the subjects’

Phenolic or glucosinolate Fresh weight Dry weight
winolfy

Q-3-0-Sophoroside, 7-0-Glucoside 0.09 £ 0.02 1.0+£0.2
Q-3-0-Gle-(6"-Mulonyl-Glc) 13 £ 0.029 1.43 % 0.295
Q-3-0-Sophoroside 0.05 = 0.005 0.59 + 0.05
Q-3-0-Rutinaside {Rutin} .03 = 0.004 .6+ 0.017
7-Methylsulfinylhepiy)-GLS 0.1 = 0.002 1.07 = 0.025
B-Methylsulfinylhepiyl-GLS 0.06 & 0.07 0.68 = 0.148
3-Indolylmethyl-GLS 0.04 = 0.07 0.43 £+ 0.26
2-Phenylethyl-GL.S 153+ 141 17.98 = 431
4-Methoxy-3-indalyimethyl-GLS 0.063 = 0.017 0.791 = 0.05
Tota) HCA derivatives 9404+ 0832 109.03 £ 422

! All volues are ¥ + SD. Meun values of 8 bags of watercress, sumpled
once per weck from one watereress intervemion period (8 wk).

control and the supplementation phases for each subject, The
statistical tests were then carried out on the difference (after —
before) in values between treatment (watercress) and control
phases. All blood biomarkers were measured in duplicates, and
the average of the 2 values were taken as the final result. The
results were also tested for dietary treatment and smoking inter-
actions by using a univariate general linesr model, and where
significant interactions with smoking were observed, the data

were further analyzed separately for subgroups of smokers and

nonsmokers. All statistical analyses were performed by using the
SPSS software version 11.0 {SPSS Ine, Chicago, IL).

RESULTS

Analysis of walercress leaves was carried oul to defermine aver-
age conlents of key phenolic compounds and glucosinolates present
in the leaves, as shown in Table 1. In terms of the phenolic com-
ponents in watercress leaves, severl glycosides of quercetin, in-
cluding rutin, were present, although the major phenolics were de-
rivatives of hydroxycinamic seid, A number of glucesinolates were
also present, with 2-phenylethylglucosinolate predominating.

Mean duily energy, macronutrients, and the relevant micro-
nutrients intake of the subjects (n = 58) during the contro] phase
{no walercress supplementation) and active phase (watercress
supplementation} of the crossover trial are shown in Table 2.
Two of the sixty subjects failed to return a completed food diary
in each phase; body mass index data were available for 54 of the
60 subjects. However, all (n = 60) who started the intervention
study finished it to completion, so all blood measurements were
curried out with a full set of samples. No statistical differences in
body mass index (¢ = 34), energy intake, and macronutrient
intakes were observed between the control phase and the water-
cress phase of the study. However, the mean intakes of dietary
fiber (P < 0.05), vitamin C (P < 0.001), vitamin E (P < 0.01),
folate (P << 0.05) and carotene {P < 0.001), were higher during
the watercress phase of the study than during the control phase,

The effects of watercress consumption on peripheral blood
lymphoeyie DNA damage in terms of basal DNA damage (SBs),
basal plus oxidative purine DNA damage {basal plus oxidative),
and finally the ability of the lymphocytes to resist exogenous
(basal) DNA damage [150 pmol/L hydrogen peroxide challenge
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TABLE 2

Nutrient intake and BM! during watercress-supplemented and control phases of the study

Watcrcress phase

Control phase

Variubles (= 58) {n = 58) Change? P
&%

BMI (kg/m?)y 252 =407 253+ 4.0 ] NS
Energy imake {kcal) 1954.5 & 848.1 1899 & 7921 3 NS
Tatal fat imake {g) 78,1 = 36.6 72241333 B NS
Tota) protein intake (g) 778 £ 24.4 74.8 + 29,1 4 NS
Total carhohydrate intuke {g) 208.6 + 96.5 21294 920 -2 NS
Fiber intake (g)° 12.1 £ 5.0 11.2+54 [ <(},05
Vitamin C intake (mg) 131.1 £ 524 976+ 76.5 34 <0.001
Vitamin E infuke (mg) TE x40 62 £ 40 26 <0.01
Folate intake {peg} 266.2 + 132.4 239.9 + 1294 11 <0.03
Carotene intake (pg) 4019.6 + 12354 2253+ 1B56.0 78 <0.001

4 Indicates the number of subjects whe returned a completed food diary for that phase {from a total ol 60 subjects). Mean treatment group values were

significantly different between phases, P < 0.05 (Mann-Whitney U test).
? Calculated from walercress valuc — control value,
=54,
4% £ 5D (all such values).
¥ Calculuted by using the Englyst method.

(H405 challenged) are shown in Figure 1. The percentage tail
DNA values (= SEM) are presented as trcatment effects; ie, the
group means (active and control) of individual differences be-
tween the values after and before treatment, with all statistical
analyses being carried out on mean of difference values between
the watercress phase and control phase. Significant decreases in
DNA damage were observed (basal, and basal + oxidative pu-
tine) for the subjects when consuming waltercress. In the group as
a whole, the mean differences between treatments were 17%,
=2.65 £ 1.17 (P = 0.03) for basal DNA damage; 22.9%,
—4.53 + 1.14 (P = 0.002) for basal + oxidative-induced DNA
damage; and 9.4%, —3.10 £ 1.66 (P = 0.07) for the H,0,
challenge. The data were further analyzed for smoking interac-
tions by using a univariate general linear model (P << 0.01). We
found that both basal DNA damage and H.O. challenge had
significant interactions, and hence we tested the effects of treat-
ment in the 2 subgroups per se. In smokers, the mean difference
between treatments for basal DNA damage was 25.6%, —3.98 =
1.72 (P = 0.03); for H.O; challenge was 15.5%, —5.05 £ 2.54
(P = 0.056). In the nen-smoking group, the mean differences
between treatments for basal DNA damage was 8.53%, —1.31 &
1.538 (P = 0.4); for H,0, challenge, was 3.4%, —1.14 £ 2.12
(P = 0.6).

The data shown in Table 3 show that watereress supplemen-
tation significantly increased the plasma concentration of the
carotencids measured. Plasina B-carotene concentration rose by
==33% und lutein by 100% after watercress supplementation,
mean differences between treatments of 0.10 £ 0.024 and 0.17 &
0.019 pmol/L (both £ < 0.001, by using Wilcoxon's signed-rank
test) were observed, respectively, Of the carolenoids, only
B-carotene evidenced a significant smoking interaction, with a
highly significant increase (P << 0.001) in 3-carotenc concentra-
tions observed {or nonsmokers and a lower significant increase
(P << 0.05) obscrved for smokers during the watercress phase
compared with the control phase. No significant changes due to
watercress supplementation were observed for plusma concen-
trations of a-tocopherol, retinol, or vitamin C or in the total
antioxidant potential of plasma (FRAP value). Generally, lipid

profiles (LDL, HDL, and total cholesterol) were unaffected by
watercress consumption, with the exception of plasma (riscyl-
glycerol concentration, which showed a decrease of about 10%
(—0.13 £ 0.1} during the active (supplemented) phase compared
with the control phase (P = 0.07, Wilcoxon's signed-rank test).
In respanse lo watercress, red blood cell GPX and 50D activity
did not change significantly in the total population.

DISCUSSION

There is considerable seientific consensus from epidemiclogic
studies that CVs may reduce risk of cancers, including cancers of
the lung (5, 6), prostate (7), colon (31), and of the lymphatic
system (8, 32). However, debate on the issue concerns which
types of Cruciferae are most important and whether the epide-
minlogic cbhservations can be confirmed with experimental stud-
ies conducted in humans. The present study has focused on wu-
tereress, which has a particularly high content of glucosinoldtes
and other potential anticancer phytochemicals including caro-
tentoids. An in vitro study within our laboratory showed that
watercress extract can prolect cells (HT-29; colon cancer cell
line) against DNA damage levels induced by genotogic agents
such as H,0, and fecal water (33). In the present study, we
reported a decrease in all our measures of DNA damage in lym-
phocytes in response 1o walercress consumption in humans in
vivo. This is consistent with previous studies on vegetable con-
sumption reporied by Riso ct al {34) and Pool- Zobel et al (35).
Two of the 3 measures of DNA damage (basal DNA dumage and
H,0, challenge, Figure 1) were found lo have significant inter-
actions with smoking, and, on further subgroup analyses, we
found the reductions in these variables as s resull of watercress
supplementation were of greater magnitude and more signifi-
cance in smokers than in nonsmokers. This may reflect a higher
toxin burden present in the smoking group, as has been indicated
by a significantly lower total antioxidant status at baseline in
smokers than in nonsmokers (P << 0,01, results not shown),
possibly suggesting a greater benefit of consumption of water-
cress for this compromised group. A recent study by Kang ct al
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TIGURE 1. Comparison of the effects of watercress supplementation
phise (M) with that of a controt phase (1) on lymphocyte DNA dumage inthe
total study population (n = 60), in smokers (n = 30}, and in nonsmokers {n
= 3} determined by using the Comet nssuy. Lymphocytes were collected
from the subjects before and after watercress supplementation and were
untreated (bagal) or trented ex vivo with formamidopyrimidine DNA pglyco-
siluse (basal + oxidalive) Lo assess oxidated purines or hydropen peroxide
{H.0, challenged) 1o test for DNA danuge resistunce, DNA damage was
measured ns the mean of the individunl difference (nfter ~ before supplemen-
tation values) in the uctive and control phases. ™™ Significamly differem
from the control phase: “P = 0.05, P = 0.0 (paired-samples 7 test).
Interactions between smoking ond DNA dumnpe measures were tested by o
univariate general linear model, and, when such an imeraction was evident,
the smokers and nonsmokers were analyzed for treatment effect per se.

{36) which used a commercially available green vegetable drink
(Angelica keiskei—based juice) given to smokers daily for 8 wk,
alsoreported a significant decrease in lymphocyte DNA damage.

However, in contrast to our data and thal of other authors, some
recent articles have shown little or no association between veg-
elable consumption and biomarkers of cancer risk. In a 24 d,
parallel design, intervention study performed in 43 healthy male
and female subjects (nonsmokers), consumption of fruit and
vegetables (600 g) or supplementation with vitamins and min-
erals compared with placebo bad no effect on oxidative DNA
damage measured in monenuclear cells or urine (37). A further
article on the “6 aday study™ reported that the fruit and vegetable
diet enhanced resistance of plasma lipoproteins to oxidation and
increased erythrocyie glutathione peroxidase activity (38). The
reasons for the limited or different effects observed in this study
in comparison with our study may be related to the choice of
study design (parallel compared with crossover), population size
{13 subjects compared with 60) or the difference in exposure
period (24 d compared with 56 d). Moller and Dragsted et al (37,
38) did, however, exercise dietary control over their subjects,
whereas our study simply supplemented the normal diet of the
participants. However, diefary assessment with 7-d food diaries
indicated that watercress supplementation did not alter the over-
all dietary habits of our subjects, as evidenced from similar en-
ergy and macronutrient intakes during the supplemented and
control phases of the study. The increased intakes of some micro-
or extra nutrients (vitamin C, vitamin E, folate, and carotene)
during the active phase were most likely to be attributable to
watercress supplementation,

The mechanisms that produced the untigenotoxic effects in
this study due to watercress supplementation are unknown. al-
though this may be related to antioxidant status (39). Watercress
is known to be a rich source of the carolenoids [utein and
B-carotene (20). Therefore, it was not surprising that plasma
eoncentrations of these carotenoids were significantly clevated
after watercress intervention. A recent placebo controlled trial
with carotenoid supplements (lutien, S-caroiene, and mixed
cuarotenoids) conducted in postmenopausal women for 536 d
showed a decrease in endogenous lymphocyte DNA damage as
a result of carotenoid supplementation (40). Therefore, increnses
in the in vivo concentrations of lutein and B-carotene may con-
tribule to the decrease in DNA damage levels in lymphocytes
observed in the present study. The greater difference in the con-
centrations of S-carotene in nonsmekers thun in smokers as a
result of watercress supplementation may indicalte that this ca-
rolenoid was used up to a higher extent in smokers, perhaps
reflecting a greater requirement of this antioxidant in smokers. In
support for this concept, a similar observation was also made in
a previous study, in which plasma lutein and B-carotene status
increased more markedly in nonsmokers than in smokers a5 a
result of green vegetable supplementation {41}, Furthermore, the
elevated plasma lutein in particular may provide additional
health benefits to watercress conswmers in terms of cardiovas-
cular risk (42) and macular degeneration {43). A recent prospec-
tive study also reported that high plasma coneentrations of car-
otene {including B-carotene} were associated with a reduced risk
of mortality from cancers and cardiovascular discases (44). Fi-
nally, because plasma lutein can reflect intake of green leafy
vegetables (45) as well as of CVs (46), the increased coneentra-
tions of the luiein as a result of watercress supplementation in-
dicated pood complisnce in the study participants during the
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TABLE 3
Effects of watercress supplementation on biological variables in bload’

Whatereress phase (n = 60}

Contro! phase (n = 60)

Varinbles Before treatment Alter trentment Before treatment Aflter Lreatment
B-Carolene {pmol/L} 033019 0.43 & 0.26° 032+ 0.21 03302
Lutein (pumol/L) 0.18 & 0.07 0.35 £0.18° 0.18 £ 0.07 017 & 0.07
a-Tocopherol (pmol/L) 27.29 + .23 26.61 £6.13 27128+ 6.7 26.31 £5.37
Retingl (mol/L) 1.89 £ 0,39 1.84 = 0.36 1.89 2 043 1.79 £ 0.37
Vitamin C (pmol/L) 57.6 & 30.6 593 £129,13 5725+ 28 31513264
FRAPF (urbitrary units} 1227 £ 239 1203 £ 184.24 1230 + 240 1169 & 194
LDL {mmol/L.) 307 £ 097 2,04 + 1.08 343209 3.03 091
HDL {mmol/L}) 147 £ 036 1.42 + 0.44 142 £ 044 1.42 +0.39
Cholesterol {mmal/L} 512+ 117 4.80 & 142 521+ 1.01 508 £092
Trincylglycerol {mmol/L} 1.28 = 0.8 1.13 £ 0.79 1.29 £ 0.8 1.28 £ 0.72
GPX (U/g hemoglobin) 4395 + 11.38 44,66 = 12.01 4374 + 11.54 44 % 1193
50D (U/g hemoglobin) 1283 + 243 1297 + 239 1291 & 240 1304 & 247

! Allvalues are ¥ + 5D, SOD, superoxide dismutase; GPX, ghutathione peroxidase; FRAP, ferric reducing ability of plasma, All measurements were caniied
out in plasma, except GPX and SOD, which were cormied out by using red blood cell concentrate.
? Values (after — hefore} were significuntly different from thecontrol phase, P < 0.001 (Wilcoxon signed-rank test).

supplement phase of the present study. Watercress contains a
high concentration of glucosinolates along with other bioactive
phytochemicals (eg, Tulein) that may have also contributed to the
antigenotoxicity observed in lymphocytes as a result of supple-
mentation, Note that consumption of watercress had no effect on
the activity of antioxidant enzymes such as SOD or GPX. This
observalion further supports previous observations from our lab-
oratory {3} that CVs do not exert their protective activity via
modulation of SOD or GPX enzyme activity, although Dragsted
et al (38) reported that a fruit and vegetable diet (a component of
which was CV) did significantly increase GPX activity. Another
potential mechanism of the antigenotoxXicity observed as o result
of watercress supplementation is achange in GST activity, as hus
been previously observed with brassica vepetables (12, 22).
However, the effects of watercress on GST activity in the present
study and the correlations with GST single nucleotide polymor-
phisms will be dealt with in o separate article.

In conclusion, data from our randomized, single blind human
dictary intervention study provided importunt evidence that sup-
ports the hypothesis that consumption of watercress, a CV, can
reduce cancer risk in humans via a decrense in DNA damage.
This effect was observed with a concomitant elevation in plasma
antioxidant concentrations of B-carotene and lutein. However, it
should be noted that lymphocyte DNA damage is only a surro-
gate marker of whole-body cancer risk, and the cffects of water-
cress on cancer risks at different sites could well be different to
that ohserved in lymphocytes. This, among other things, could
depend on tissue exposure, bioavaiiability of watercress phyto-
chemicals in the various tissues, or both. B3
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