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Abstract Watercress (Nasturtium officinale, Cruciferae; W. Aiton) is a vegetable widely consumed in our
 country, with nutritional and potentially chemopreventive properties. Previous reports from our labora-
tory demonstrated the protective effect of watercress juice against DNA damage induced by cyclophosphamide 
in vivo. In this study, we evaluated the in vivo effect of cress plant on the oxidative stress in mice. Animals 
were treated by gavage with different doses of watercress juice (0.5 and 1g/kg body weight) for 15 consecutive 
days before intraperitoneal injection of cyclophosphamide (100 mg/kg body weight). After 24 h, mice were killed 
by cervical dislocation. The effect of watercress was investigated by assessing the following oxidative stress 
biomarkers: catalase activity, superoxide dismutase activity, lipid peroxidation, and glutathione balance. Intake 
of watercress prior to cyclophosphamide administration enhanced superoxide dismutase activity in erythrocytes 
with no effect on catalase activity. In bone marrow and liver tissues, watercress juice counteracted the effect of 
cyclophosphamide. Glutathione balance rose by watercress supplementation and lipid oxidation diminished in all 
matrixes when compared to the respective control groups. Our results support the role of watercress as a diet 
component with promising properties to be used as health promoter or protective agent against oxidative damage.
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Resumen Efecto modulador del berro sobre el estrés oxidativo inducido por ciclofosfamida en ratones.
 El berro (Nasturtium officinale, crucíferas; W. Aiton) es una hortaliza ampliamente consumida 
en nuestro país, con valor nutricional y propiedades potencialmente quimiopreventivas. En trabajos previos 
demostramos que el jugo de berro tiene efecto protector in vivo contra el daño del ADN inducido por ciclofos-
famida en tejidos del ratón. En el presente trabajo evaluamos, también in vivo, los efectos del jugo sobre el 
estrés oxidativo en diferentes tejidos del ratón. Los siguientes biomarcadores fueron investigados: actividad de 
superóxido dismutasa, actividad de catalasa, peroxidación lipídica y balance de glutatión. Los animales fueron 
tratados con diferentes dosis de jugo (0.5 y 1 g/kg de peso corporal) por alimentación forzada durante 15 días 
consecutivos antes de la inyección intraperitoneal con ciclofosfamida (100 mg/kg). La ingesta de berro antes 
de la administración de ciclofosfamida mejoró la actividad de superóxido dismutasa en los eritrocitos sin efecto 
sobre la actividad de la catalasa. En médula ósea e hígado, el jugo de berro contrarrestó el efecto deletéreo de 
la ciclofosfamida. En todas las matrices, el balance de glutatión fue mayor y la oxidación de lípidos menor que 
los valores encontrados en los grupos control. Nuestros resultados demuestran que el berro es un componente 
de la dieta con propiedades prometedoras como promotor de la salud o como agente protector contra el daño 
oxidativo. 
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Watercress (Nasturtium officinale, Cruciferae; W. 
Aiton) is a widely consumed cruciferous vegetable with 
nutritional and potentially chemopreventive properties. 
More specifically, this vegetable reduces oxidative DNA 
damage and modulates antioxidant enzymes in human 

cells, according to the results obtained in diverse in vitro 
and in vivo models1-4. This ability has been attributed to 
isothiocyanates, the main phytochemical compounds 
present in cruciferae. However, paradoxical effects of 
isothiocyanates have been reported in relation with oxida-
tive stress and the metabolites involved5. 

Cyclophosphamide (CP), a bifunctional alkylating 
agent, is widely used in the treatment of cancer and 
other conditions such as rheumatoid arthritis, multiple 
sclerosis, systemic lupus erythematosus, among others. 
It is classified as a known human carcinogen based on 
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the extensive evidence found not only in experimental 
animals but also in humans6. 

CP is classified and used as a model for the study of 
indirect mutagens due to the fact that the molecule needs 
to be metabolized to generate its toxic effects. The drug is 
converted into products with cytotoxic and alkylating activ-
ity via the P-450-dependent mixed-function oxidase sys-
tem. CP is transformed into 4-hydroxicyclophosphamide 
and aldophosphamide, which in turn generate phospho-
ramide mustard and acrolein, among other metabolites7. 
These metabolites interact with DNA and form adducts and 
cross-links that interfere with DNA replication and repair 
mechanisms8, 9. Likewise, CP induces oxidative stress and 
cell death10. Thus, it is important to highlight that the CP 
alkylating activity is responsible for its therapeutic activity. 
However, metabolites like acrolein induce oxidative stress 
which leads to DNA damage of normal cells and toxicity 
to various target organs11.

Chemoprevention is a substantial strategy to lessen 
or avoid damage of normal cells that inevitably occur by 
exposure to genotoxic and oxidative agents present in air 
pollutants, chemotherapy or diet. In previous studies, our 
group demonstrated that watercress juice seems to have a 
protective effect on peripheral blood lymphocytes against 
hydrogen peroxide-induced DNA damage in vitro12. Fur-
thermore, we found that watercress-supplemented diet 
exhibited protective activity against the DNA damaging 
effect induced by the indirectly acting alkylating agent CP, 
as measured in vivo by comet and micronucleus assays13. 
Encouraged by these results, we designed the present 
study to investigate the effects of watercress on the oxida-
tive damage induced in vivo by CP in Swiss albino mice. 
The experimental end points included catalase activity, 
superoxide dismutase activity, levels of thiobarbituric acid 
reactive substances as expression of lipid peroxidation, 
and ratio of reduced glutathione to oxidized glutathione.

Materials and methods

All chemicals were purchased from Sigma (St. Louis, MO, 
USA) unless otherwise indicated.

Watercress was purchased from an organic market garden 
located in Luján, Buenos Aires, Argentina, and voucher speci-
mens were kept at the Museum of Pharmacobotany Juan A. 
Domínguez, School of Pharmacy and Biochemistry, University 
of Buenos Aires. The juice of watercress leaves was prepared 
on ice and protected from light using a commercial processor 
(Ultracomb). The homogenate was centrifuged at 10 000 g for 
20 minutes at 4 °C. The supernatants were clarified by filtration 
using 0.45 µm pore membranes (Millipore) and sterilized by 
microfiltration using 0.22 µm pore membranes (Millipore). 

Seven to eight weeks old Swiss mice (25-30 g) supplied by 
the Animal House of the School of Pharmacy and Biochemis-
try, University of Buenos Aires, were housed in plastic cages 
at 20-25 °C under 12 h light-dark cycles. The animals were 
acclimated for a week before the study onset and received 
food and water ad libitum through the entire experimental 
period. In all experiments, animal use and care were in ac-
cordance with ethical laws on animal manipulation.

A previous study from our lab showed that watercress 
protected against the genotoxic effects of CP, considering 
Nasturtium officinale human daily consumption (75-125 g)12. 
The dose of CP (100 mg/kg b.w.) was selected on the basis 
of a pilot study and reports from other groups16, 17. The doses 
of watercress used in this experimental design were 0.5 and 
1g/kg b.w.18. The mice (n = 4 per group) were given either 
saline solution (groups I and II) or watercress juice (groups 
III and IV) by gavage for 15 consecutive days prior to the 
intraperitoneal administration of saline solution (I) or CP (II, 
III and IV). All animals were killed by cervical dislocation 24 
h after CP administration.

Blood samples were collected by cardiac puncture with 
a heparinized syringe immediately after death. Red blood 
cells were separated by centrifugation at 1000 g for 15 min 
at 4 °C followed by removal of plasma and buffy coat. The 
erythrocytes were washed three times with saline solution, 
and stored at -20 °C until use. Hemoglobin concentration was 
determined with a Sysmex XS 1000i automatic hematology 
analyzer at 555 nm.

Bone marrow cells from both femurs of each animal were 
flushed in the form of fine suspension into a centrifuge tube 
containing RPMI 1640 medium (Gibco BRL). Cell suspensions 
were centrifuged at 1000 g for 10 min and pellets were lysed 
by two freezing-thawing cycles followed by homogenization by 
repeated passage through a 21G needle and centrifugation at 
1000 g. Protein concentration was assayed by a colorimetric 
method19.

Livers were properly cleaned, freed from connective tis-
sue, and dried on filter paper. With livers preserved at -80 
°C, homogenates were prepared according to Sabatini et 
al.20. Briefly, livers were homogenized with 0.134 M KCl (1:5 
w/v) containing 0.5 mM phenylmethylsulfonyl fluoride and 
0.2 mM benzamidine (protease inhibitors) to study oxidative 
stress parameters. Homogenates were centrifuged at 11 000 
g for 20 min. Biochemical determinations were carried out in 
supernatants of total homogenates and total soluble protein 
content was determined in each homogenate19.

For enzyme assays, erythrocytes were hemolyzed by 
adding ice-cold water at a 1/100 dilution; bone marrow sus-
pensions and liver homogenates were diluted 1/10. Catalase 
activity was evaluated according to Aebi21. Briefly, a mixture 
composed of 50 mM phosphate buffer pH 7.0, 53 mM hy-
drogen peroxide and samples were sequentially measured 
at 240 nm with a Hitachi 3000 spectrophotometer for 1 min 
at 25 °C to assess the reduction rate of hydrogen peroxide. 
One unit of catalase was defined as the amount of enzyme 
that decomposed 1 mole of hydrogen peroxide per min. The 
specific activity was expressed as kU/g Hb in erythrocytes 
and as U/mg protein in tissues. Superoxide dismutase activity 
was measured using a commercial kit (SOD determination kit, 
Sigma Aldrich) according to the manufacturer’s instructions 
and expressed as percentage inhibition.

Lipid peroxidation was determined as malondialdehyde 
according to Ohkawa et al.22. Each sample was added to a 
8% SDS solution, followed by addition of 20% acetic acid 
and 0.8% thiobarbituric acid. Distilled water was added to 
a final volume of 1 ml. Then, samples were incubated in 
a 100 °C water bath for 1h. The mixture was cooled and 
centrifuged at 10 000 g for 15 min. The supernatant was used 
to determine the absorbance at 532 nm with a Hitachi 3000 
spectrophotometer. 

Lipid peroxidation was measured as concentration of thio-
barbituric acid reactive substances, calculated using the ex-
tinction coefficient 1.56 x 105/M x cm and expressed as nmol/g 
Hb or nmol/g protein.

The ratio of reduced glutathione to oxidized glutathione 
was assayed using the method described earlier23. Briefly, re-
duced glutathione was measured by a modification of Ellman´s 
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procedure24 with 1.5 mM dithiobisnitrobenzoate in 0.25 M 
phosphate buffer (pH 8.0) and 0.1 ml of supernatant (total 
volume: 1.1ml). The mixture was incubated for 2 minutes at 
25 °C and the absorbance was measured at 412 nm using a 
Hitachi 3000 spectrophotometer. 

In order to estimate the total content of glutathione (GSSG 
+ GSH) the oxidized form was reduced with glutathione reduc-
tase (EC 1.6.4.2) and 0.21 mM NADPH in 143 mM phosphate 
buffer plus EDTA (pH 7.5). After 30 minutes of incubation at 
25 °C, the reaction was stopped with trichloroacetic acid and 
the supernatant was used to determine the absorbance as 
described above. 

Results were shown as mean ± SD for all the endpoints. 
Differences between controls and treatments were analyzed 
by one-way analysis of variance and the post-hoc Student-
Newman-Keuls test. A value of p < 0.05 was considered as 
statistically significant (Sigma Stat 9.0 software). 

Results

Erythrocyte catalase did not show any significant 
change in its activity for any of the groups, whereas 
the activity of superoxide dismutase was altered in the 

groups treated with CP (p < 0.001) and combined treat-
ment (p < 0.001) when compared with the control group 
(Tables 1 and 2). In bone marrow, CP administration 
increased the activity of both enzymes as compared 
to the control group (p < 0.001), while cress juice at-
tenuated these effects (p < 0.001) (Tables 1 and 2). 
A similar pattern was observed for the activity of both 
antioxidant enzymes in liver tissue (catalase: p < 0.05; 
superoxide dismutase: p < 0.01; Tables 1 and 2). CP led 
to a considerable increase in the levels of thiobarbituric 
acid reactive substances (p < 0.001); significant resto-
ration was observed in animals that received watercress 
supplementation as compared to animals that received 
CP alone (1 g/kg: p < 0.001; 0.5 g/kg in erythrocytes 
(p < 0.005), bone marrow (p < 0.001), and liver tissue 
(p < 0.05) (Table 3). Moreover, CP altered the ratio 
of reduced glutathione to oxidized glutathione and 
watercress supplementation restored, at least in part, 
the balance in blood cells and bone marrow (p < 0.05; 
p < 0.001 respectively) (Table 4). 

TABLE 1.– Effect of watercress juice on superoxide dismutase activity in 
erythrocytes, bone marrow and liver tissue

Superoxide dismutase activity (% inhibition)
Treatment Erythrocytes Bone marrow cells Liver tissue

Saline solution 76.7 ± 1.3 34.6 ± 1.1 193 ± 37.5
CP 69.1 ± 8.3** 62.7 ± 0.9** 281 ± 52.7*
1.0 g/kg juice + CP 83.4 ± 4.7 46.9 ± 4.4 186 ± 13.0
0.5 g/kg juice + CP 88.2 ± 3.1 49.4 ± 3.8 181 ± 24.1

Saline solution: 0.9% NaCl; CP: cyclophosphamide 100 mg/kg. Erythrocytes: ANOVA p 
< 0.001; Student-Newman-Keuls **p < 0.001 positive versus other groups. Bone marrow 
cells: ANOVA: p < 0.001; Student-Newman-Keuls test: **p < 0.001 positive versus other 
groups. Liver tissue: ANOVA p < 0.005; Student-Newman-Keuls test: *p < 0.01 positive 
versus other groups.

TABLE 2.– Effect of watercress juice on catalase activity in erythrocytes, 
bone marrow and liver tissue

Catalase activity (kU/g Hb)
Treatment Erythrocytes Bone marrow cells Liver tissue

Saline solution 12.3 ± 3.6 4.2 ± 0.8 3.41 ± 0.6
CP 12.0 ± 0.8 22.4 ± 3.5** 4.58 ± 0.9#  
1.0 g/kg juice + CP 9.7 ± 0.5 2.90 ± 0.6 1.73 ± 0.3
0.5 g/kg juice + CP 14.3 ± 1.6 2.11 ± 0.3 1.00 ± 0.2

Saline solution: 0.9% NaCl; CP: cyclophosphamide 100 mg/kg. Erythrocytes: ANOVA p 
> 0.05. Bone marrow cells: ANOVA p < 0.001; Student-Newman-Keuls test: **p < 0.001 
positive versus other groups. Liver tissue: ANOVA p < 0.001; Student-Newman-Keuls 
test: #p < 0.05 positive versus other groups. Hb: Hemoglobin.
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Discussion

Natural products are remarkable sources of biologically 
active molecules that could modulate oxidative stress26. 
Cruciferous vegetables such as broccoli, cabbage, cauli-
flower, Brussels sprouts and watercress, among others, 
have been extensively studied in relation to their ability 
to ameliorate or prevent the injuries caused by oxidation 
in living cells. Particularly, watercress is rich in vitamin C, 
vitamin A and α-tocopherol. It contains high concentrations 
of glucosinolates as well as carotenoids, polyphenols and 
chlorophyll14. The analysis of watercress leaves indicated 
the presence of gluconasturtiin or phenethylglucosinolate, 
methylsulfinylalkyl and indole glucosinolates. Furthermore, 
very low levels of glucobarbarin were found while neither 
sinalbin nor gluconapin was detected. The total glucosino-
late content was 15 ± 4 µmol glucosinolates/g dry weight 
with no differences in relation to harvest time25.

In the present work, we evaluated the modulator effect 
of watercress juice intake on the oxidative stress induced 

by CP in erythrocytes, liver tissue and bone marrow cells 
of Swiss mice. CP induced different responses in cells with 
respect to basal enzymatic activities. In erythrocytes, su-
peroxide dismutase activity decreased without any effect 
on catalase activity, while both enzymes increased their 
activity in bone marrow and liver tissue. As for the other 
two parameters studied, the same pattern was observed: 
increased levels of lipid peroxidation and decreased ratio 
of reduced glutathione to oxidized glutathione.

Changes in erythrocyte superoxide dismutase activity 
induced by CP may be due to alterations in the synthesis 
or structure of the enzyme and/or by the effect of the hydro-
gen peroxide produced by the drug and not degraded by 
catalase. This impaired defense would be linked, at least 
in part, to high levels of lipid peroxidation. Likewise, the 
altered ratio of reduced glutathione to oxidized glutathione 
could be caused by an increase in the oxidized form or 
conjugation of CP or its metabolites with glutathione in its 
reduced form. In bone marrow and liver tissues, changes 
in the activity of the enzymes could be explained as a 

TABLE 3.–  Quantification of end-products of lipid peroxidation (measured 
as levels of thiobarbituric acid reactive substances) in red blood cells, bone 

marrow cells, and liver tissue from mice treated with watercress juice and CP

Levels of thiobarbituric acid reactive substances
Treatment Erythrocytes Bone marrow cells Liver tissue
 (nmol/gHb) (mmol/mg prot) (nmol/mg prot)

Saline solution 134 ± 4.9* 0.89 ± 0.1 2.21 ± 0.6
CP 194 ± 5.8*/**/## 1.79 ± 0.3** 3.58 ± 0.7#
1.0g/kg juice + CP 151 ± 10.4** 0.95 ± 0.1 2.16 ± 0.8
0.5g/kg juice + CP 176 ± 10.2## 1.28 ± 0.3 1.72 ± 0.1

Saline solution: 0.9% NaCl; CP: cyclophosphamide 100 mg/kg. Erythrocytes: ANOVA: 
p < 0.001; Student-Newman-Keuls test: ##p < 0.005; */**p < 0.001. Bone marrow cells: 
ANOVA: p < 0.001; Student-Newman-Keuls test: **p < 0.001 positive versus other 
groups. Liver tissue: ANOVA p < 0.005; Student-Newman-Keuls test: #p <  0.05 positive 
versus other groups.

TABLE 4.– Impact of watercress on the balance between reduced 
glutathione and oxidized glutathione in red blood and bone marrow cells

Ratio of reduced glutathione to oxidized glutathione 
Treatment Red blood cells Bone marrow cells

Saline solution 7.82 ± 1.6** 6.14 ± 0.5*
CP 100 mg/kg 0.83 ± 0.4**/# 3.45 ± 0.2*/**
1.0 g/kg juice + CP 100 mg/kg 3.93 ± 0.0# 9.05 ± 1.2**
0.5 g/kg juice + CP 100 mg/kg 3.59 ± 1.4# 2.86 ± 0.6

Saline solution: 0.9% NaCl; CP: Cyclophosphamide. Red blood cells ANOVA: p < 0.001; 
Student-Newman-Keuls test: # p<0.05 (positive versus watercress treatments); 
**p < 0.001. Bone marrow cells ANOVA: p < 0.001; Student-Newman-Keuls test: 
*p < 0.01; **p < 0.001.
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compensatory mechanism to injury, where the oxidative 
atmosphere generated by the drug induces the expres-
sion and/or activity of antioxidant enzymes. However, the 
response did not appear to be sufficient to deal with the 
stress, which is reflected by the increase observed in lipid 
peroxidation. On the other hand, CP reacts indirectly with 
the reduced form of glutathione forming an adduct, which 
induces the formation of oxygen radicals27. The enzymes 
xanthine oxidase and aldehyde dehydrogenase interact 
with the adduct and produce superoxide and hydroxyl, 
which exacerbate the oxidative trend28. 

The ability of watercress to modulate the oxidative 
effect of CP in terms of the enzymatic activity exhibits a 
hormetic pattern. In erythrocytes, the greatest superoxide 
dismutase response was obtained with 0.5 g/kg while the 
highest dose decreased its activity with no modification in 
catalase performance. In bone marrow and liver tissue, 
the juice intake prevented the compensatory response 
observed in the CP-treated group for both enzymes.

Watercress restored the content of the reduced glu-
tathione in erythrocytes exposed to CP. On the other 
hand, a biphasic response was observed in bone marrow, 
increasing this parameter at 0.5 g/kg dose and decreas-
ing it at 1 g/kg dose. The lower dose was not enough to 
counter the impact of the drug while higher doses achieved 
the desired effect. In addition, in all cases watercress sup-
plementation attenuated the peroxidation induced by the 
drug. Our results are consistent with those obtained by 
others29 where the administration of watercress to hyper-
cholesterolemic rats was shown to induced a decrease 
in malondialdehyde levels, an index of lipid peroxidation 
attenuation.

It is well known that the main glucosinolate in water-
cress is phenethylglucosinolate, commonly named as 
gluconasturtiin. It has been reported that this compound 
can act as a genotoxic agent to Saccharomyces cerevisiae 
and in mice inhibits and/or enhances phase I and phase 
II enzymes activities, respectively31. However, there are 
other phytochemicals in this vegetable such as methyl-
sulfinylalkyl and methylthioalkyl glucosinolates which have 
demonstrated health-promoting effects32.

Several reports describe the association between 
cruciferous consumption and health. The International 
Agency for Research on Cancer (IARC) published a 
handbook of cancer prevention which focuses exclusively 
on crucifers and their metabolites demonstrating the im-
portance of this plant family in health promotion31. The 
National Cancer Institute also recommends the intake of 
these vegetables because of the beneficial properties of 
their phytochemicals33.

It is noteworthy that the doses used in this experimen-
tal design are within the limits allowed by the protocol 
guidelines for in vivo tests18. These doses are much lower 
than the concentrations tested in our previous in vitro ex-
perimental research, which represent the average plant 

intake for an average adult human12. The effect against 
oxidative damage observed in vivo at such low doses 
highlights the great capacity of the plant as a chemopre-
ventive agent. Our evidence supports the consumption of 
watercress as a diet component with promising properties, 
to be used as a health promoter or protective agent. It is 
important to emphasize that the effects always depend on 
the vegetable species, its origin and growing conditions, 
its composition, doses employed, tissue analyzed and 
exposure time to the agent. 
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- - - - 
The complaint, therefore, that all topics are preoccupied, is nothing more than the murmur of igno-

rance or idleness, by which some discourage others, and some themselves; the mutability of mankind 
will always furnish writers with new images, and the luxuriance of fancy may always embellish them 
with new decorations.

La queja, por lo tanto, que todos los tópicos ya han sido tratados, es nada más que un murmullo de 
ignorancia o negligencia, por el cual algunos desaniman a otros, y algunos a sí mismos; la mutabilidad 
humana siempre proveerá a los escritores con nuevas imágenes, y la lujuriosa fantasía puede siempre 
embellecerlas con nuevas decoraciones.
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