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SHORT COMMUNICATION

Consumption of vegetables reduces genetic damage in humans:
first results of a human intervention trial with carotenoid-rich

foods
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A human intervention study with vegetable products has
been performed in twenty three healthy, non smoking

intake and higher cancer incidences (10,11). Suggestions which
have been put forth to explain these discrepancies include i)
in smokers pro-oxidant activities @carotene prevail which
leads to enhanced tumor progression, ii) the absorption,
bioavailability and distribution oB-carotene is different when
given as a single compound than as a vegetable or fruit
and iii) additional carotenoids and other protectant plant
components act together toward ensuring a protective effect,

males aged 27-40. It was the aim of the study to assess which cannot be simulated by intervention with supplements

whether consumption of vegetables containing different
carotenoids could protect against DNA damage and oxid-
ative DNA damage. The subjects consumed their normal
diets, but abstained from vegetables high in carotenoids
throughout the study period. After a 2 week depletion
period, they received daily 330 ml tomato juice with 40 mg
lycopene (weeks 3 and 4), 330 ml carrot juice with 22.3 mg
B-carotene and 15.7 mga-carotene (weeks 5 and 6), and
10 g dried spinach powder (in water or milk) with 11.3 mg
lutein (weeks 7 and 8). Blood was collected weekly and
DNA damage was detected in peripheral blood lymphocytes
with the ‘COMET’' assay. Oxidised DNA bases were
detected by including an incubation step with endonuclease
lll. The supplementation of the diet with tomato, carrot
or spinach products resulted in a significant decrease in
endogenous levels of strand breaks in lymphocyte DNA.
Oxidative base damage was significantly reduced during
the carrot juice intervention. These findings support the
hypothesis that carotenoid containing plant products exert
a cancer-protective effect via a decrease in oxidative and
other damage to DNA in humans.

Epidemiological evidence suggests that a diet high in fruit an

(12-14). Clearly more research is needed to assess the impact
of antioxidant plant ingredients in healthy humans and especi-
ally to better understand the cancer preventive functions of
whole fruits and vegetables (15).

Molecular biology approaches, utilizing biomarkers of DNA
damage or biochemical parameters as indicators of carcinogenic
risk and of antioxidant defense systems are becoming more and
more available (16,17). They offer a focused and economical
approach to answer specific questions pertaining to the pro-
tective potential of individual dietary antioxidants. Thus, Duthie
et al. (1996) have shown that supplementation of the diet with
a cocktail made from vitamin C (100 mg/day), vitamin E
(280 mg/day) ands-carotene (25 mg/day) resulted in a highly
significant decrease in endogenous oxidative base damage in
the lymphocyte DNA of both smokers and non-smokers (18).
This study was based on the use of a modified alkaline
single cell gel electrophoresis assay (‘Comet’ assay) which
specifically detects oxidation of pyrimidines in the DNA of
human lymphocytes (19). The rationale of such an approach
is that DNA damage can account for the genetic changes
which occur at different stages in the progression of cancer
(20). Therefore dietary factors that reduce the impact of attack
by electrophilic intermediates of procarcinogens or by free
Jjadicals are likely to protect against cancer (21). Our recent

vegetables is associated with a decreased incidence of canceidies using the ‘Comet’ assay in rats have shown it is a

cardiovascular disease and maybe of other degenerative or al

geful approach to demonstrate that dietary supplementation

related diseases (1-3). One mechanism by which these plal gctulose or lactic acid bacteria) can efficiently protect against
foods could have protective effects is by exerting antioxidativen® activity of carcinogens (22,23). Now, we have followed
activities (4). Next to the huge group of polyphenols, especiallyP On these studies to test the hypothesis that whole plant
tocopherols, ascorbic acid and carotenoids have been associaff@ducts may protect against cancer-related genetic changes
with antioxidative properties (5). Many hundred carotenoidsn the human.

have been identified of which ~50 have vitamin A activity (6).

We carried out a human intervention study with 23 healthy

In plants they serve the functions of accessory pigments ifnale volunteers (non smokers) aged 27-40 (33.84.08,
photosynthesis and photoprotection_ The Conjugated po|yerf@eani SD) to assess the antigenotoxic, antioxidative potencies
structure of carotenoids allows the molecule to absorb lightof three vegetable products. The study was designed to
to quench and to inactivate singlet oxygen and free radicals (7pssess physiological effects by nutritional components, and
In humans, the antioxidative function of carotenoids hadiot pharmacological effects by single dietary supplements.

especially been investigated for the exampl@-afarotene and

Therefore it was our intention to study the consequences of

smoking related cancers. However, in the two large scale trialgutrients under nutritional conditions (alternating vegetable
which have recently been completed, supplementation witfntake). The juices from tomatoes, carrots as well as spinach
capsules containin@-carotene (20 or 30 mg/day) with or powder were chosen on account of their respective contents
without vitamins E or A resulted in an increased risk for lungof lycopene,a- or B-carotene and lutein. The juices were
cancer in smokers (8,9). These findings are in contrast to theommercially canned varieties subjected to ultra-high tem-
numerous studies indicating an association between deficieng@erature (Schoenberger, Magstadt, Germany). The spinach

of these compounds or other vitamins, low fruit and vegetable
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powder was obtained from washed and dried mdpetdial (Vo
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GmbH, Kmigmoos, Germany). After a 2 week depletion
period, the vegetable products were given with lunch con--*
secutively for a 2 week period each. The daily intake was
330 ml tomato juice with 40 mg lycopene (weeks 3 and 4),
330 ml carrot juice with 22.3 mg-carotene and 15.7 mg
a-carotene (weeks 5 and 6), and 10 g dried spinach powde
with 11.3 mg lutein, dissolved in water or milk (weeks 7 and
8). Blood was collected weekly from subjects before breakfast.
Parameters of genetic change were determined in periphere £
lymphocytes, isolated by gradient centrifugation (Histopaque g 2
1077). We report here on the substantial protective effect of &=
the three products on genetic damage in peripheral lymphocyte
detected as decreased DNA strand breaks and reduced leve 0 1 2 3 4 5 6 7 8 9 10
of oxidized DNA damage.

DNA damage was measured with the single cell microgel blood sampling period
electrophoresis assay, also known as the ‘Comet’ test (24). _ _
With the original version of the assay, DNA strand breaks ca ig. 1. Levels of DNA strand breaks in peripheral blood lymphocytes from

_ . . . . humans receiving different vegetable products. The extent of DNA damage
_efﬂC'emIY be ,deteCte,d n smgle Ce"S_ (25)' BY _mtroducmg anN;s indicated by the percentage of fluorescence in the comet tail (‘tail
intermediate incubation step with lesion specific enzymes, thgtensity), as indicated in the text. Results are shown as meaB&M,
technique can be applied to detect oxidized DNA bases (19,260).= 21-23 subjects, means of 3 slides per subject. *Statistically significant
Here we used our usual protocol of the comet assay an@ comparison to sampling time 3f§tatistically significant in comparison
additionally the modification with endonuclease Il to detect!® SaMPling time 1; two sided, paired Studenttest, P <0.05.
levels of oxidized pyrimidine bases (18,27). Also, we monitored
the resistance of the cells to external oxidative stress which
can be monitored by treating them with hydrogen peroxide  the damage due to oxidized DNA bases (values of slides wit
(H,0,). 20 ul of a lymphocyte suspension ¥2L0° cells) were  endonuclease Il minus values from corresponding NaCl-
distributed with 751l low melting point agarose on microscope  control slides). We used the NaCl slides instead of a set of
slides and after 10 min covered with another layer of agaroseslides with endonuclease buffer as controls, which may mean
Three slides from each donor were placed on ice cold racks, that the levels of oxidized DNA bases may be slightly
treated with 5Qul physiological NaCl for 5 min, washed with overestimated. In the worst case the overestimation may be
lysis solution (100 mM NgEDTA, 1%Triton X 100, 2.5 M 1-2% (difference between ‘TI', NaCl and ‘TI', endonuclease
NaCl, 1% lauroyl sarcosin sodium salt, 10 mM TRIS, 10%buffer), as we have observed with much more sensitive primary
DMSO) and then placed into a lysis bath for 2 h together with human colon cells.
three 150uM H,O,-treated slides. Three further slides were Figure 1 shows the results of the NaCl-control slides which
placed into the lysis solution for 1 h, washed 3 times with reflect the levels of endogenous DNA strand breaks during the
endonuclease buffer (40 mM HEPES-KOH, 0.1 M KCI, 8 weeks of intervention. Before the beginning of the experiment
0.5 mM EDTA, 0.2 mg/ml bovine serum albumin fraction V, and during the first two weeks of depletion (samples 1-3) the
pH 8) and then incubated with endonuclease IIl in bufferlevels of DNA damage were significantly higher than during
(1 pg/ml) sealed with a cover slip for 45 min at 37°C. intervention with the vegetable products. In other words, the
Subsequently, all nine slides of one donor were placed into amany compounds of tomato and carrot juice including lyco-
electrophoresis chamber containing alkaline buffer (1 mM p@rearotene,a-carotene and others are efficiently anti-
Na,EDTA, 300 mM NaOH) for DNA unwinding. After 20 min, genotoxicin vivo in humans. For spinach, the effects are not
the current was switched on and electrophoresis carried out at  as strong, since the first week of intervention with this vegetat
25V, 300 mA for 40 min. This relatively long electrophoresis did not significantly reduce the levels of strand breaks.
time was chosen to increase the basal levels of detectable The carrot juice intervention also caused marked effects
DNA damage in the NaCl-control slides. The slides werereducing oxidized pyrimidine bases of the DNA. In contrast,
removed from the alkaline buffer, placed on a tray and washed dietary intervention with tomato juice or spinach did not reduc
three times, 5 min with neutralisation buffer (0.4 mM Tris, endogenous oxidative damage (Figure 2).
pH 7.5). Subsequently the slides were stained with uDO Finally, our results do not indicate that lymphocytes acquire
ethidium bromide solution (2Qug/ml). All steps beginning a resistance against oxidative damage following consumption
with the isolated lymphocytes were conducted under red light. of vegetables. For this potential effect, the evaluation paramet
Thus for each donor and week, triplicate values for DNA'% comets’ is probably more discriminatory than the parameter
strand breaks (NaCl-control slides), oxidative DNA damage  of ‘tail intensity’, since the response of lymphocy€ to H
(slides treated with endonuclease Ill), and sensitivity of cellschallenge is heterogenous and results in a mixed population
against oxidative stress {B.-treated slides) were available  of images with comet and non-comet like structures (26).
for evaluation. Data were generated for at least 21 of the totalVhen subtracting the values of ‘% comets’ (F6%, classes
participating 23 subjects each week, and missing values (weeks 1-4) for control slides from those treatedOyithoH
1, 2, and 4) were due to the participant missing the veirdifferences were seen (results not shown).
puncture or to a technical failure. Evaluation was performed In summary, all three products seem capable of suppressit
by microscopical analysis. Using the imaging software ofstrand breaks. A decrease in base oxidation (a specific indicator
Perceptive Instruments (Halstead, UK), 50 images were evalu-  of oxidative damage) is seen only during the carrot juic
ated per slide and the percentage of fluorescence in the taileeks, which suggests a particular efficiency @f and
(TI, ‘tail-intensity’) was scored. The ‘net tail intensity’ indicates [-carotene at quenching free radicatsvivo. The design of
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oxidised pyrimidine bases D.Oberreuther and C.Stoltz in performing this work and are indebted to all
subjects recruited from the ‘Forschungszentrum Karlsruhe' for contributing

50_ by continuously complying with the objectives of this study and willingly
subjecting themselves to a weekly blood donation. We thank Walter
Schoenenberger, Pflanzensaftwerk GmbH and Co. dpeM&mbH and Co.
404 KG for providing the vegetable products. The study was approved by the
local ethics committee of the Landesgekammer, Baden-Wiiemberg,
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