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Tumourous diseases are becoming the second 
most common cause of death all over the world. 
Nutrition and the life style belong to their main 
causes. One third of all the tumourous diseases is 
caused by inadequate nutrition (SUGIMURA 1986). 
The incidence of colorectal carcinoma has an in-
creasing tendency in the Czech Republic, which 
is number one in it all over the world.

Heterocyclic amines, polycyclic aromatic hy-
drocarbons or N-nitrosocompounds are formed 
during the thermal processing of typical western 
food with high contents of red meat and of animal 
fats (RAUSCHER et al. 1998). 

Nitrosocompounds represent a large group of 
chemical substances in many components of the 
environment. Strong mutagen N-nitroso-N-methyl- 

urea (MNU) belongs to the well-known N-nitroso-
compounds (STEPHANOU et al. 1996).

A great number of components , which are 
contained in food, can be nitrosated in the gas-
trointestinal tract, namely in the stomach. Stable 
nitrosamines, as well as less stable nitrosocom-
pounds are formed there. Amines, aminoacids or 
other components of food can serve as precursors 
of those substances. With regard to the relatively 
high intake of these substances with food and with 
regard to the rate of nitrosating reaction, endog-
enically formed nitrosocompounds can represent 
the same risk as the intake of nitrosamines or of 
nitrosamides with food. Nitrosocompounds show 
genotoxic effects with cancerogenic potential 
(TUREK et al. 1994).
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We investigated chemoprotective effects of broccoli juice, treated with high pressure method, using 500 MPa for a 
period of 10 minutes. By the use of this method, the conservation of nutritionally important substances occurs (for 
example vitamins, polyphenolic compounds, glucosinolates and other constituent substances). We followed the inhibi-
tion of mutagenicity of the model mutagen, N-nitroso-N-methylurea (MNU), by means of in vivo micronucleus test. 
After fourteen-day application of broccoli juice (0.2 ml/10 g of body weight of mouse) and after a single administration 
of MNU mutagen (50 mg/kg), a statistically significant decrease (P < 0.01) occurred of the number of micronuclei 
induced by the application of MNU. Broccoli juice treated with high pressure therefore seems to have a preventive 
potential against MNU-induced micronuclei formation in BALB/C mouse bone marrow cells. 
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Nitrosamides are direct mutagens which do 
not demand metabolic activation and which can 
thus act directly on mucosa of the stomach and 
can initiate the process of carcinogenesis (LUTHY 
et al. 1984; THORGEIRSSON et al. 1994; TUREK et 
al. 1994). On the other hand, nitrosamines are 
subject to oxidation and by means of mediators, 
they form substances capable of the reaction with 
DNA resulting in the formation of adducts (TUREK 
et al. 1994).

The exogenous formation is ensured by a high 
intake of red meat which increases intestinal nitro-
sation, this can explain the positive epidemiological 
relation between the intake of red meat and the 
risk of incidence of colorectal carcinoma (DONELLY 
et al. 2004). Vegetables, tea, and soya block the 
formation of N-nitrosocompounds, thus being 
related to the protection against the emergence of 
colorectal carcinoma (HUGHES et al. 2002).

Besides the exogenous supply of nitrosocom-
pounds, more serious formation of N-nitroso-
compounds can occur, for example by interaction 
of nitrates, eventually with nitrites formed of 
them, with substances suitable for nitrosation, 
coming mostly from the metabolism of proteins. 
Ascorbic acid, tocopherols, polyphenols and other 
substances can inhibit nitrosation (TUREK et al. 
1994). At present the possible inhibitory power 
of glucosinolates or of their degradation products 
– isothiocyanates contained in vegetables of kohl-
rabi family (Brassicaceae) – is considered.

Many epidemiological studies indicate that the 
consumption of kohlrabi vegetables (for example 
broccoli, cabbage, cauliflower, kale, and Brussels 
sprouts) is connected with a reduced incidence 
of tumourous diseases, especially of colorectal 
carcinoma (STEINMETZ & POTTER 1996; WEIS-
BURGER 2000; KASSIE et al. 2003; KIM et al. 2003; 
PAPAPOLYCHRONIADIS 2004; SCHONHOF et al. 
2004).

Broccoli, as a main representative of kohlrabi fam-
ily (Brassicaceae), recorded recently an increased 
consumption. While in 1980 its consumption in the 
Czech Republic was almost imperceptible, in 1998 it 
amounted to 0.8 kg per head and year. Broccoli has 
a high content of vitamin C (100–120 mg/100 g) and 
also of vitamin E (0.8–1.6 mg/100 g), furthermore 
its contents of potassium (427–644 mg/100 g), 
magnesium (66 mg/100 g), calcium (90 mg/100 g), 
iron (7.3 mg/100 g) and of trace amounts of iodine 
and of selenium are worthy of notice. Besides 
nutrients mentioned above, broccoli contains the 

highest amount of glucosinolates of all cabbage 
stalk vegetables (MALÝ 2000).

These substances induce biotransformational 
enzymes of the second phase (for example glu-
tathione transferase, epoxid hydrolase, NAD(P)H, 
quinone reductase and glucuronyl transferase) and 
support the antioxidative activity on mammalian 
level. These substances are mostly ascribed to 
sulforaphane, belonging to isothiocyanates. Sul-
foraphane and other isothiocyanates are stored 
in plants as ineffective precursors called glucosi-
nolates. Isothiocyanates are released by hydrolysis 
by means of enzyme myrosinase which is found in 
kohlrabi – type vegetables, together with glucosi-
nolates (FAHEY et al. 1997; SHAPIRO et al. 2001; 
TALALAY & FAHEY 2001; RAMBOUSKOVÁ 2002; 
PAOLINI et al. 2004).

In this study we investigated the antimutagenic 
efficiency of broccoli juice treated with high 
pressure a process causing the inactivation of 
microorganisms but maintaining simultaneously 
the nutritionally important substances (for ex-
ample vitamins, polyphenolic compounds and 
other constituent substances).

MATERIALS AND METHODS

Chemicals. N-nitroso-N-methylurea from Sig-
ma-Aldrich, s. r. o., Prague, Czech Republic was 
used as a model mutagen. Foetal Bovine serum 
and other chemicals were obtained from Sigma-
Aldrich, s. r. o. (Prague, Czech Republic).

Preparation of broccoli juice. Broccoli was 
cleaned, washed and cut into pieces. Juice was 
obtained by pressing out in the juicer Green power 
(USA). After pressing out, juice was allowed to 
stand at rest for a period of 100 minutes. Due to 
the mechanical breakdown, the contact of the 
enzyme myrosinase with inactive glucosinolates 
occurs, with the formation of biologically active 
isothiocyanates, namely of sulforaphane. After al-
lowing the juice to stand, it was strained through 
a coarse sieve (diameter of opening 0.5 mm). Af-
ter this, the juice was filled into PET bottles of 
the volume of 1.5 l and treated with the pres-
sure of 250 MPa for a period of 2 min to remove 
air. Subsequently, the juice was acidified to pH 
4 (with citric acid) and filled into PET bottles 
of the volume of 100 ml. The filled bottles were 
subjected to the pressure of 500 MPa for a period 
of 10 min in a high pressure press CYX 6/0103 
(ŽĎAS, a. s., Czech Republic). The temperature 



 21

Czech J. Food Sci. Vol. 24, No. 1: 19–25

of the samples before the treatment was 21°C, the 
starting temperature in the chamber was 10°C, the 
temperature after the interrption of the pressure 
was 12°C (room temperature 17°C). After marking 
the samples with labels, these were stored in an 
ice-box and on 5th day they were transported in 
a thermo-box to the laboratory for another test-
ing, where they were stored in an ice-box at the 
temperature of 4–6°C.

Experimental animals. The experiment was 
performed on 7–10 weeks old males of BALB-C 
mice of a body mass 15–21 g, which were obtained 
from breeding and supplier’s facilities of Faculty 
of Medicine of Masaryk University (Brno, Czech 
Republic). The animals were kept under standard 
laboratory conditions at 12-hour cycle light/dark-
ness, at the temperature of 22 ± 2°C. They were 
fed the complete laboratory mixture for laboratory 
mice and for brown rats in SPF breeds, water was 
served ad libitum. One week before the experi-
ment, the animals were left at a standstill, for the 
purpose of setting down.

Application of tested substances. The animals 
were divided into 4 groups, with 8 mice in each. 
The substance tested (broccoli juice) was applied 
to first (I.) and second (II.) groups of mice for a 
period of 14 days in a dose of 0.2 ml/10 g of body 
weight of mouse. Second group, fed the complete 
mixture for laboratory mice, served as control. On 
14th day, mutagen N-nitroso-N-methylurea (MNU) 
in the dose of 50 mg/kg (0.2 ml/10 g) was admin-
istered in a single dose to first (I.) and third (III.) 
groups, one hour after the application of broccoli 
juice. 7%-dimethylsulfoxide (DMSO) in the dose 
of 0.2 ml/10 g, which was used for dissolution of 
mutagen, was administered to fourth (IV.) group. 
All substances administered were applied per os 
by the gavage.

Micronucleus test. In vivo mouse bone marrow 
micronucleus test is a well established, reliable, 
and short-term test for the detection of chemi-
cals with clastogenic effect (ability of producing 
chromosomal breaks). The test was carried out 
according to SCHMID (1975). An increased number 
of micronuclei in polychromatic erythrocytes, 
in comparison with the control group, indicate 
that the chemical compound tested produces 
chromosomal damage in erythrocytes of mar-
row. Chromosomal damage is associated with the 
appearance and/or progression of tumours and 
with adverse reproductive and developmental 
outcomes (KRISHNA & HAYASHI 2000). 

24 hours after the application of substances, all 
animals were killed and subsequently treir both fe-
murs were dissected. The marrow from both femurs 
was rinsed into 2 ml of foetal bovine serum and 
incubated in the thermostat at the temperature of 
37°C. The test tubes with the rinsed marrow were 
subsequently centrifuged at 1000 revolutions per 
minute for a period of 5 minutes. After centrifuga-
tion, the supernatant was gently sucked of and the 
sediment with blood cells was mixed and spread 
on microscopic slides. After 24 hours the coatings 
were stained with May-Grünwald and Giemsa as 
described by SCHMID (1975). Three preparations 
were made from every animal tested. 1000 of poly-
chromatic erythrocytes from two preparations 
(500 cells from every preparation) were evaluated 
on the whole for determining the micronucleated 
polychromatic erythrocytes (MNPCE). 

Statistical processing of data. Programme Sta-
tistika 7 was used for the statistical analysis. The
differences in the numbers of micronuclei per 1000
of polychromatic erythrocytes were evaluated by 
means of non-parametric Mann Whitney U test. Body 
weights were compared using the ANOVA test. 

Table 1. Effect of broccoli juice on the formation of micronuclei, produced by MNU

Group Applied substances MNPCE/1000 PCE Number 
of animals Mean ± SD

I. broccoli juice (14 × 0.2 ml/10 g) + MNU (1 × 50 mg/kg)8, 7, 7, 6 ,8, 8, 8, 7 8 7.38 ± 0.74*

II. broccoli juice (14 × 0.2 ml/10 g) 2, 2, 3, 3, 3, 0, 2, 3 8 2.25 ± 1.04

III. MNU (1 × 50 mg/kg) 17, 16, 20, 21, 20, 16, 16, 18 8 18.0 ± 2.07**

IV. 7% DMSO (1 × 0.2 ml/10 g) 1, 2, 3, 2, 0, 2, 3, 2 8 1.88 ± 0.99

MNPCE – number of micronuclei in polychromatic erythrocytes; PCE – polychromatic erythrocytes; SD – standard devi-
ation; *P < 0.01 – significantly lower number of micronuclei in relation to MNU; **P < 0.01 – significantly higher number
of micronuclei in relation to control (7% DMSO)
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RESULTS

Male BALB/C mice were treated with broccoli 
juice for the period of fourteen days with a dose 
of 0.2 ml/10 g of the body weight of mouse.

The average percentage gains in the body weight 
during the first week of the 14-day period were 
8.15%, 7.94%, 6.59%, and 5.95% in the I., II., III. 
and IV. groups, respectively. After fourteen days, 
these percentage gains in the body weight were 
0.71%, 2.79%, 5.84%, and 10.15%, respectively. 
The effect of the diet supplemented with broc-
coli juice on the weight gain was not statistically 
significant (P > 0.05). 

It is evident from Figure 1 that broccoli juice 
administered per os by the gavage reduced the 
number of micronuclei in group I. that was given 
broccoli juice and mutagen MNU, in comparison 
with group II., which was administered MNU 
mutagen only.

Statistically significant differences (P < 0.01) 
in the number of micronuclei were proved be-
tween group I. (MNU 1 × 50 mg/kg + broccoli 
juice 14 × 0.2 ml/10 g) and group III. given mu-
tagen only (MNU 1 × 50 mg/kg). These results 
were proved on the level of significance P < 0.01 
(Table 1). With group III., where only mutagen 
(1 × 50 mg/kg) was applied in a single dose, a 

statistically significant difference was found in 
comparison with group IV. (7% DMSO), on the 
level of significance P < 0.01 (Table 1).

The numbers of micronuclei did not differ sta-
tistically significantly between group II., where 
broccoli juice only (14 × 0.2 ml/10 g) was applied, 
and group IV., where 7% DMSO (1 × 0.2 ml/10 g) 
was administered in a single dose.

The results obtained here prove the suppressive 
role of broccoli juice on the mutagenic effect of 
MNU in this test system. 

DISCUSSION

The results obtained in this study prove that the 
application of MNU, acting as a direct mutagen, 
leads to statistically higher numbers of micronuclei, 
thus causing chromosomal damage of immature 
erythrocytes of marrow. The broccoli juice applied, 
treated with high pressure shows chemoprotective 
effects against MNU.

Similarly, SEDMÍKOVÁ et al. (1999) monitored 
antimutagenic activity of cauliflower juice treated 
with high pressure and pasteurised. It is evident 
from the results of Ames test that the treatment 
with high pressure preserved nutritionally im-
portant substances and antimutagenic activities 
towards strong IQ mutagen.

Figure 1. Number of micronuclei per 1000 
of polychromatic erythrocytes in group I. 
(broccoli juice + MNU), group II. (broccoli 
juice), group III. (MNU) and group IV. 
(7% DMSO) 
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In vivo micronucleus test can be a useful short 
term test the serving explanation of the mechanisms 
and the identification of chemical compounds re-
sponsible for anticlastogenic effect. EDENHARDER 
et al. (1998) proved anticlastogenic effects of fruits 
and vegetables, commonly consumed in Germany, 
against benzo(a)pyrene and cyclophosphamide. 
Similar effects were confirmed in the subsequent 
study (EDENHARDER et al. 2003).

FIMOGNARI et al. (2005) showed that sulforap-
hane, butylisothiocyanate and the mixture of 
isothiocyanates do not increase the number of 
micronuclei. In addition to that, sulforaphane, in 
the dependence on the dose, induces an increase 
of apoptic cells. The authors also pointed out that 
kohlrabi vegetables contain not only substances 
with chemoprotective effects, but also compounds 
with potential genotoxic and carcinogenic ef-
fects (benzylisothiocyanates and phenylisothio-
cyanates). 

Besides those of vegetables, the positive ef-
fects of some sorts of fruits, soya, and tea are 
also documented; these can block the formation of 
N-nitrosocompounds and are connected with the 
chemoprotective effect against colorectal carci-
noma. HUGHES et al. (2002) investigated the effect 
of the consumption of 400 g of vegetables daily 
on the decrease of N-nitrosocompounds levels in 
stools. This effect was not confirmed, nevertheless 
foods rich in vegetables accelerate the passage 
through the intestine, thus reducing the contact 
of intestinal mucosa with these substances.

Another study confirms a decreased incidence 
in brown rats of the cancer of breast, induced by 
the application of MNU, due to the subsequently 
served food enriched with cabbage (BRESNICK et 
al. 1990). Similar results were proved with brown 
rats whose food was enriched with garlic powder 
(SCHAFFER et al. 1996), or with brown rats to which 
genistein and daidzein, two main representatives 
of isoflavanones, were administered in the form 
of injections (CONSTANTINOU et al. 1996). 

Besides glucosinolates, kohlrabi vegetables also 
contain indoles. Indole-3-carbinol shows protec-
tive effects against cyclophosphamide, causing the 
formation of micronuclei (AGRAWAL & KUMAR 
1998).

The consumption of kohlrabi vegetables (broc-
coli, cauliflower, cabbage, kale, Brussels sprouts, 
radish, watercress, and kohlrabi) is relatively high 
in comparison with other sorts of vegetables. But 
the amounts are dependent on the geographic re-

gion. In Singapore, for example, the consumption 
of kohlrabi vegetables is estimated to 40 g daily, 
representing three times the amount consumed 
in USA (PARK & PEZZUTO 2002).

The results of studies prove that kohlrabi veg-
etables and their juices can protect against various 
carcinogens. These properties are connected with 
the induction of biotransformational enzymes 
which take part in detoxication. It is questionable 
whether the protective effects of kohlrabi veg-
etables can be ascribed to individual compounds 
suche as isothiocyanates or indoles, or to other 
compounds contained (carotenoids, folic acid, 
selenium, fiber, flavonoids etc.) (STEINKELLNER 
et al. 2001; CONAWAY et al. 2002).

Kohlrabi vegetables and bioactive compounds 
present in vegetables of this family such as iso-
thiocyanates and indole-3-carbinol, are exten-
sively studied on experimental in vitro and in vivo 
models. The results suggest that chemoprotective 
compounds from kohlrabi vegetables can influence 
the process of carcinogenesis during the initiat-
ing and promoting phases. The conclusions of 
epidemiological and of clinical studies support 
this idea and are similar. But there is no complex 
evaluation of all aspects concerning the relations 
between the consumption of kohlrabi vegetables 
and the prevention of tumourous disease. We are 
still far from understanding the effects of phy-
tochemicals present in kohlrabi vegetables and 
acting in chemoprotective way and their overall 
mechanism of actions, leading to the protective 
effects (MURILLO & MEHTA 2001).

In the present study, evidence is presented that 
broccoli juice treated with high pressure, contain-
ing glucosinolates, polyphenols, fiber, vitamins, 
minerals, and other bioactive compounds, can 
inhibit clastogenic activity induced by MNU and 
thereby interfering with the process of cancer 
initiation. Consequently, using this method (high 
pressure) is very useful for the conservation of 
the nutritionally important substances and the 
maintenance of the antimutagenic activity, and 
therefore for the interference with the process of 
carcinogenesis. 

However, further investigations are needed to 
find whether broccoli juice treated with high pres-
sure can fulfill its promise as a functional food. 
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