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Viscum album l. (Santalaceae) (VA) – a parasitic plant that grows on various trees – has proved a sig-
nificant anticancer effect in both experimental studies and clinical trials. The present study assesses the 
influence of oxidative stress in mistletoe induced cytotoxicity in tumor cells, in relation to classic cyto-
static therapy. VA ethanolic extract was administered alone and combined with doxorubicin (chloride) in 
Swiss female mice previously intraperitoneally (i.p.) inoculated with Ehrlich tumor cells (1×106/animal) 
that consequently developed Ehrlich ascites carcinoma (EAC). The administered doses were of 50 mg/kg 
on the 1st, 3rd and 6th day for the VA extract, respectively of 2.5 mg/kg on the 1st and 6th day for doxoru-
bicin, after tumor cell implantation. Fourteen days later all mice were euthanized, ascites of the EAC were 
collected in order to analyze the tumor proliferation parameters, as well as blood samples, in order to 
evaluate the antioxidant status in plasma. Tumor development was associated with increased activity of 
plasma enzymes; classic doxorubicin therapy not only prevents the accumulation of ascitic fluid, but also 
significantly reduces the activity of plasma antioxidant enzymes. Furthermore, in association with VA 
extract, the protective effect is improved. Oxidative changes in Ehrlich tumor cells consisted in decreased 
catalase activity and amplified xanthine oxidase and peroxidase activities.
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introduCtion

Several studies on plant extracts have proved a cytotoxic/cytostatic activity; the 
mechanisms of the observed antitumor effect were different [9]. One of these plants 
is the European mistletoe, the object of this study.
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Viscum album L. (VA) – commonly known as European mistletoe – is a semi-
parasitic plant that grows on various trees. Although the beneficial properties of VA 
have been well documented throughout history, their therapeutic applications changed 
with the development of science. A number of pharmacological activities ascribe to 
mistletoe various effects including hypotensive, cardiac depressant, vasodilator, 
slowing and steadying excessive heart rate, relaxant, diuretic and stimulant. Today, 
VA extracts are widely used in hypertension therapy, vascular disease, epilepsy, 
arthritis, rheumatism [1, 7]. 

recently, many in vitro and in vivo experimental studies investigate the antitumor 
properties of VA extracts or of certain constituents isolated from these. The mistle-
toe’s antitumor effect is based on two different mechanisms: direct cytotoxic effect 
and the increase of the cell mediated immunity. it is assumed that lectins of mistletoe 
are responsible for the direct toxicity against tumor cells displaying radical scaveng-
ing effects as well as protection against oxidative stress [2]. Production of reactive 
oxygen species (ROS) is related to mitochondrial integrity, a key event in regulation 
of apoptosis [3]. Also, mistletoe lectins prove significant antioxidant effects in non 
malignant cell line LLC-PK1, preventing directly the synthesis of free radicals, thus 
avoiding the lipid peroxidation and consequently preserving the cell viability [4].

The other assumed mechanism implies the activity of certain oligosaccharides, 
presumed to favor the natural killer cells efficiency [6]. In addition, it has been found 
that the antitumor human natural killer cells are selectively activated by mistletoe 
ligands of phosphoantigen structure [10]. 

Ehrlich ascites carcinoma (EAC) is a widely used transplantable tumor model, 
antitumor efficacy of various plant extracts representing one of its main application. 
EAC was originally a mice mammary adenocarcinoma, but, because of high number 
of passages, the tumor loses the histocompatibility antigens, and it can be transferred 
easily from one animal to another in both ascitic and solid form. inoculated intraperi-
toneally, the Ehrlich ascitic carcinoma develops a peritoneal exudate that contains 
suspended tumor cells. Anticancer effect is quantified by attenuation of EAC-induced 
weight gain, decreasing in ascites volume and in viable cell count [5]. Reduction of 
the cancer systemic effects are other commonly used application of eaC in phyto-
therapy research; plant extracts improved the hematological parameters and oxidative 
stress markers in both plasma and liver [8].

The present study has two main objectives. First, to access the therapeutic 
improved efficiency of Viscum album L. alcoholic extract in combination with doxo-
rubicin (a widely used chemotherapeutic agent), and second, to evaluate the influence 
of reactive oxygen species in the antitumor effect observed.
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materials and metHods

Plant material and extraction

Viscum album (Santalaceae), a plant raised from the apple tree Malus communis 
(Rosaceae), was harvested from the Cluj area. The vegetal product was dried and 
ground into a fine powder. The VA tincture was prepared by maceration, according to 
the European Pharmacopoeias 7th edition, method 2a. 100 g of fresh VA plant were 
kneaded to a paste consistency (70% moisture), then the obtained material was mixed 
with 70 g 90% vol. ethanol. Further, the plant-ethanol mixture was macerated for 10 
days, with periodic mixing, and then pressed and filtered. The extraction ratio was 
1 : 1. The final tincture has 8.5% dry residue. 

The VA doses were established in several preliminary toxicity tests; 50 mg/kg, 
administered three times, has proved to be the highest tolerable dose for all the ani-
mals during the experimental period of 14 days. Each animal received a 0.6 ml solu-
tion/kg, representing 50 mg/kg in dry substance. At an average body weight (b.w.) of 
30.12 ± 1.18 g, the animals were considered equal in body weight, so each animal 
received the same dose of 18 µl ethanolic tincture of VA. Before inoculation, alco-
holic solution was maintained in a rotary evaporator at 40 °C, until 3/4 of the content 
evaporated, than the volume was restored with sterile saline solution, up to 0.5 ml/
animal. The aqueous solution was immediately administrated i.p. in order to prevent 
the bacterial and fungal contamination. The control group received 0.5 ml alcohol 
70%, i.p., previously evaporated, similarly to the plant extract method.

Doxorubicin administration

Accordingly to manufacturer specification, the LD50 for doxorubicin chloride, in 
mice, in intraperitoneally administration, is 21.9 mg/kg. The normal therapeutic dose 
being approximately 10 times lower, during the present experiment, mice received 
2.5 mg/kg doxorubicin chloride (Adriblastina 10 mg, Pfizer) dissolved in sterile 
saline solution, in a volume of 0.5 ml per animal. The mentioned doses were admin-
istered on the 1st and 6th day of the experiment.

Animal care and experimental procedures

the requirements of the “guide for the Care and use of laboratory animals 
(Department of Health, Education and Welfare, National Institute of Health, 1996)” 
were followed. The animal tests and experiments were approved by the Bioethical 
Board of the Faculty of Veterinary Medicine Cluj-Napoca. The animals were caged 
in polycarbonate cages, at controlled temperature (of 21–22 °C), humidity (40–60%) 
and 12/12 h light/dark cycle. Standard lab chow, provided by the “Cantacuzino” 
National Institute for Research and Development (Bucharest), and water were freely 
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available. The experiment was carried out on 56 white Swiss female mice, 30.12 ± 1.18 
g b.w. Animals were divided into seven experimental groups (n = 8), as shown in 
Table 1. Group I served as the normal control and group III served as tumor control. 

14 days after EAC implantation, blood samples were collected by retro-orbital 
puncture under slight anesthesia condition, then, euthanasia was induced by pro-
longed narcosis. Blood samples were immediately centrifuged at 4 °C, then plasma 
was frozen at –20 °C and stored at deep freezer.

The ascitic fluid from the peritoneal cavity was collected and measured with a 
syringe, immediately after euthanasia, and transferred in phosphate buffer solution 
(pH 7.4, at 4 °C). Then, the samples were subjected to repeated centrifugations  
(at 4 °C), first at 4500 rpm for 5 min, then at 12,000 rpm for 3 min, in order to obtain 
a dense cell suspension, which was also stored at deep freezer until further use. The 
tumor cell concentration was counted in a Burker chamber (dilution 1 : 10). Body 
weight was measured at the beginning and at the end of experiment.

Enzymes activities measurements

The activity of several oxidative stress related enzymes was determined both in EAC 
cells and plasma samples. The activities of CAT (catalase, an antioxidant enzyme 
with one of the highest turnover numbers of all enzymes), XOD (xanthine oxidase, 
enzyme associated with production of reactive oxygen species) and Px (peroxidase, 
enzyme belonging to a large family of enzymes, displaying several roles depending 
on its substrate specificity, the optimal substrate being the hydrogen peroxide) were 

Table 1
The experimental procedure (8 animals per group)

group eaC va Doxorubicin

i no no no

ii no yes no

iii yes no no

iv yes no yes

v no yes yes

vi yes yes yes

vii no no yes

EAC – Ehrlich ascites carcinoma – mice implanted with EAC 
cells, 106 ascitic cells each, in the day 0; VA – Viscum album – mice 
receiving the VA extract, 50 mg/kg b.w. i.p., on the 1st, 3rd and 6th 
day; Doxorubicin – mice treated with doxorubicin chloride, 2.5 mg/
kg b.w. i.p. dissolved in sterile saline solution up to 0.5 ml per animal 
(Adriblastina 10 mg, Pfizer) on the 1st and 6th day.
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determined using the corresponding assay kits (BioVision, USA), according to the 
manufacturer specifications. The results were measured by a METERTECH 
Spectrophotometer SP-830 Plus.

Statistical analysis

All data are reported as the mean ± S.E.M. Statistical analysis were performed by the 
one-way analysis of variance ANOVA, followed by post hoc Bonferroni range test 
procedure, for pair-wise comparisons. Pearson’s correlation was the test of choice; in 
order to assess the correlation between normally distributed variables, interpretation 
was done according to Colton scale. Statistical significance was at p ˂  0.05 (95% 
confidence interval). Statistical values and figures were obtained using GraphPad 
Prism version 5.0 for Windows, GraphPad Software, San Diego California USA.

results

EAC volume and concentration of EAC cells

The EAC development was followed by an increase in body weight, due to edema 
formation, cellular migration and progressive accumulation of ascitic fluid. The EAC 
volume and consequently the difference in body weight changed in all treated groups 
as compared with the untreated EAC control group. Significant decrease in EAC cell 
concentration was observed in the group treated with doxorubicin compared with the 
EAC group, although, a more significant decrease was found in the group treated with 

 
Table 2

Effects of doxorubicin and combination of doxorubicin + VA extract on the variation of body weight 
(= dif. b.w.), ascites volume (EAC vol.) and Ehrlich ascitic tumor cells concentration (Cell conc.)

group Dif b.w. (g) EAC vol. (ml) Cell conc. (103/μl)

I (Control) 1.87 ± 0.71 – –
II (VA) 0.5 ± 0.51 – –
III (EAC) 13.87 ± 1.62a 8.43 ± 1.68 73.75 ± 24.92
IV (EAC + doxorubicin) 6.81 ± 0.77b 0.62 ± 0.58b 6.37 ± 2.03b

V (doxorubicin + VA) 5.06 ± 0.35 – –
VI (EAC + doxorubicin + VA) 3.28 ± 0.81b 0b 2.85 ± 0.68b

VII (doxorubicin) 5.12 ± 0.92 – –

EAC – Ehrlich ascites carcinoma inoculated group; EAC + doxorubicin – Ehrlich ascites carcinoma 
inoculated group treated with doxorubicin after inoculation; EAC + doxorubicin + VA – Ehrlich ascites 
carcinoma inoculated group treated with doxorubicin and mistletoe extract after inoculation. Data are 
expressed as mean ± S.E.M. for 8 mice per group. a = p ˂  0.05 as compared to Control group. b = p ˂  0.05 
as compared to EAC group.
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doxorubicin in combination with the VA extract (as we presumed). As well, the EAC 
volume decreased after doxorubicin administration and was absent after doxoru-
bicin + VA administration, if compared with EAC group. Tumor development was 
prevented by the doxorubicin therapy in a significant manner. In fact, all the values 
that reflect the tumor development: difference in body weight, EAC volume and cel-
lular concentration, were improved in a significant manner (Table 2).

Fig. 1. Effects of doxorubicin and doxorubicin + VA on plasma levels activities of oxidative stress related 
enzymes (mU/ml) (A) CAT; (B) XOD and (C) Px. EAC – Ehrlich ascites carcinoma inoculated group. 
Data are expressed as mean ± S.E.M. for 8 mice per group. a = p ˂  0.05 as compared to Control group. 

b = p ˂  0.05 as compared to EAC group. c = p ˂  0.05 as compared to EAC + doxorubicin group
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The Pearson correlation test also proved a very good correlation between the vari-
ation in the body weight and EAC volume (p ˂  0.05, r = 0.841), a good correlation 
between the variation in the body weight and EAC cell concentration (p ˂  0.05, 
r = 0.549) and a moderate (acceptable) correlation between the EAC volume and 
EAC cell concentration (p ˂  0.05, r = 0.462).

Activity of oxidative stress related enzymes

Oxidative stress related enzymes (CAT, XOD, Px) were examined in the blood sam-
ples of all experimental groups. Their activity is presented in Figure 1.

In EAC free mice (the normal = control group), VA therapy induced no changes in 
the enzyme activities. On the other hand, as results showed, development of EAC was 
clearly associated with marked elevated enzymatic activity (almost equally in the 
case of CAT and XOD, less in the case of Px, see “a” in the figure) (in tumor cells 
production of free oxygen radicals being normally increased). During the experiment, 
the different groups treated specifically (as mentioned above) reacted as follows: all 
enzymes activities decreased more or less significantly as compared with the EAC 
untreated group (the tumor control group), although most of them remained higher 
than the control. Pearson correlation test proved that the enzyme profile followed the 
same trend like the tumor growth. The intensity of their activities was highly posi-
tively correlated with EAC development: variation of the body weight (dif b.w.) and 
EAC volume (CAT/dif b.w., p ˂  0.05, r = 0.682; XOD/dif b.w., p ˂  0.05, r = 0.752; Px/
dif b.w., p ˂  0.05, r = 0.686 and CAT/EACvol, p ˂  0.05, r = 0.745; XOD/EACvol, 
p ˂  0.05, r = 0.747; Px/EACvol, p ˂  0.05, r = 0.720). Also, Pearson correlation shows 
a very good correlation between the oxidative stress related activity of the enzymes 
in the study and cell concentration: CAT/cell conc, p ˂  0.05, r = 0.6; XOD/cell conc, 
p ˂  0.05, r = 0.585; Px/cell conc, p ˂  0.05, r = 0.602. A high positive correlation was 
also confirmed among the oxidative stress related enzymes: CAT/XOD, p ˂  0.05, 
r = 0.843; CAT/Px, p ˂  0.05, r = 0.965; XOD/Px, p ˂  0.05, r = 0.883 (p ˂  0.05 being 
generally considered statistically significant). 

The activity of the oxidative stress related activity of the enzymes (CAT, XOD, Px) 
in EAC cells is shown in Figure 2. 

Comparison was made for their activities in the EAC group (tumor control) and the 
two groups treated after inoculation with doxorubicin alone, with doxorubicin+VA. 
As shown in the figure, CAT activity has significantly decreased in both cases (almost 
at half), while XOD and Px activities on the contrary, rose to high levels. Consequently, 
we could assume a positive correlation between plasma and tumour activity for CAT 
(the only antioxidant) and a negative one for the other two enzymes. Calculated sta-
tistical parameters were between the antioxidant enzyme activity of CAT and EAC 
cell concentration, r = 0.355, between the antioxidant enzyme activity and EAC vol-
ume, r = 0.586, and between antioxidant enzyme activity and dif b.w., r = 0.557. As 
already mentioned, for the other two enzymes the results showed negative correla-
tions.
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A similar positive correlation was found for the activity of the antioxidant enzyme 
CAT displayed in tumor cells, r = 0.946, p ˂  0.05. The other two enzymes showed, as 
expected, negative correlations, as follows: XOD (r = –0.955, p ˂  0.05) and Px  
(r = –0.892, p ˂  0.05).

Fig. 2. Effects of doxorubicin and doxorubicin + VA on tumor levels activities of oxidative stress related 
enzymes (mU/ml): (A) CAT; (B) XOD and (C) Px. EAC – Ehrlich ascites carcinoma inoculated group. 

Data are expressed as mean ± S.E.M. for 8 mice per group. a = p ˂  0.05 as compared to EAC group
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disCussions

The mechanism of action of doxorubicin is still unclear, but it is widely accepted to 
exert an anti-proliferative effect based on its intercalation in the DNA molecule, con-
sequently blocking the DNA biosynthesis, while VA seems to act throughout an 
apoptotic mechanism. It is assumed that VA agglutinin induced apoptosis of colon 
cancer cells – due to the activation of caspases and inhibition of anti-apoptotic pro-
teins, partly through the TNFR1 (Tumor necrosis factor receptor 1) signaling pathway 
[2]. Even at low doses, purified mistletoe lectins reduced also melanoma growth and 
a number of metastases in a xenograft model. The enhancement of infiltration and 
apoptosis induction in the melanoma cells seem to play the key role for these 
observed effects [11, 12]. However, according to the results of the present study, sup-
plementation of doxorubicin with VA seems to provide a better anti-proliferative 
effect as compared to doxorubicin alone. 

Our findings showed an interesting positive/negative correlation between the EAC 
development and plasma activity of the oxidative stress related enzymes in the study, 
whereas the increased oxidative stress was a direct result of either tumor growth or 
an effect of enhanced inflammatory status. A significant correlation among b.w. dif-
ference, EAC volume and EAC cell concentration has also been found.

Our study revealed that the combined doxorubicin + VA therapy administered after 
EAC inoculation was more effective than doxorubicin administered alone under the 
same conditions. The VA extract improved the antitumor effect, enhancing the anti-
proliferative effect of doxorubicin according to enzyme levels and the three parame-
ters in the study as shown in Table 2 and Figure 1.

Chemotherapy is the treatment of choice for many cancer patients, although, 
despite its benefits, important side effects like bone marrow suppression, hepatotoxic-
ity, nephrotoxicity and cardiotoxicity are commonly described. Therefore, finding 
new remedies with less toxicity or new therapies able to reduce the chemotherapeutic 
side effects is a highly active and challenging research domain.
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