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Abstract

Administration of different doses of the diphenol resveratrol had no effect on the growth of an intramuscularly implanted

experimental tumour, the Lewis lung carcinoma. These results do not agree with previous reports where a clear effect of resveratrol

was shown on tumour burden in both mice and rats. However, administration of the diphenol had a clear anti-metastatic effect,

decreasing both the number and the weight of the lung metastases. Similar effects were observed both at 5 and 25 mg/kg body

weight per day, resulting in an approximately 40% reduction in the number of metastases. These results suggest that resveratrol

could be tentatively given as a preventive agent in cancer patients undergoing radiotherapy or chemotherapy.

q 2006 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Resveratrol (3,5,4 0-trihydroxystilbene), a nutraceu-

tical present in grapes, peanuts and pines which acts as

an anti-fungal agent, has been reported to have

beneficial effects on health both in humans and

experimental animals. Resveratrol seems to have a

protective role in cardiovascular disease acting both as

an anti-thrombotic [1] and hypolipidemic agent [2]. In

addition, several reports indicate that this diphenol has

anti-tumoral effects both in vivo and in vitro. In fact,

Jang et al. [3] described the potential of resveratrol

treatment on the prevention of chemically-induced

tumour in mice, therefore suggesting a preventive role

of food containing resveratrol in preventing cancer.
0304-3835/$ - see front matter q 2006 Elsevier Ireland Ltd. All rights rese

doi:10.1016/j.canlet.2005.12.035

* Corresponding author. Tel.: C34 934034605; fax: C34

934021559.

E-mail address: flopez@ub.edu (F.J. López-Soriano).
Results from our own laboratory clearly demonstrate

that the diphenol has also a curative role since it

significantly reduces the tumour cell content of rats

bearing the Yoshida AH-130 ascites hepatoma [4].

Resveratrol can be compared to non-steroidal anti-

inflammatory drugs such as aspirin, indomethacin, and

sulindac, acting through the inhibition of cyclo-

oxygenase activity [3–6]. In addition, resveratrol has

been shown to be an NF-kB [7] and AP-1 inhibitor [8].

In fact, activation of NF-kB and/or AP-1 contributes to

tumorigenesis by transactivating several classes of

target genes that have inflammatory, immunoregula-

tory, anti-apoptotic, and cell cycle regulatory functions.

It has previously been demonstrated that administration

of dealcoholized wine extracts to transgenic mice that

spontaneously develop cancer results in a decrease

of tumour incidence [9]. It is therefore conceivable

that the tumour-preventing activity exerted by wine

may be related to resveratrol. Thus, moderate wine
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consumption, could be an important factor to consider

when dealing with cancer prevention.

Bearing all this in mind, we decided to investigate

the effects of resveratrol treatment on a different type of

tumour, the Lewis lung carcinoma, a solid tumour that

metastizes in the lung.
2. Materials and methods

2.1. Animals

C57Bl/6 mice (Criffa, Barcelona, Spain), of about 12

weeks of age, were used in the different experiments. The

animals were maintained at 22G2 8C with a regular light–

dark cycle (light on from 08:00 a.m. to 08:00 p.m.) and had

free access to food and water. The food intake was measured

daily. All animal manipulations were made in accordance

with the European Community guidelines for the use of

laboratory animals.
2.2. Tumour inoculation and treatment

Mice were divided into two groups, namely controls

and tumour hosts. The tumour hosts received an inoculum of

5!105 Lewis lung carcinoma cells obtained from exponential

tumours, given intramuscularly (left thigh). Both groups were

further divided into treated and untreated, the former being

administered, during the 15 days before sacrifice, a daily i.p.

dose of resveratrol either 5 mg/kg BW or 25 mg/kg BW,

dissolved in DMSO:PBS (1:20) and the latter a corresponding

volume of solvent. On day 15 after tumour transplantation, the

animals were weighed and anaesthetized with ketamine/

xylazinemixture (i.p.) (Imalgenew andRompunw, respectively).

The tumour was excised from the hind leg and its mass was

determined. Samples of tissues were rapidly excised,

weighed, and frozen in liquid nitrogen.
2.3. Metastases

For visualization of metastases, the lungs were removed

after blood removal and euthanization of the rat. The
Table 1

Effects of resveratrol on body weight and total food intake

Initial BW

Control 25.5G0.9 (5)

ControlCresveratrol (5 mg/kg BW) 24.6G0.9 (6)

Tumour 25.7G1.1 (6)

TumourCresveratrol (5 mg/kg BW) 24.7G1.0 (6)

TumourCresveratrol (25 mg/kg BW) 23.9G0.8 (6)

For more details see Section 2. Results are meanGSEM for the number of an

refers to the ingestion during the period of the experiment prior to sacrifice,

excludes the weight of the tumour. BW, body weight. Statistical significanc
metastases were counted according to the methodology used

by Donati et al. [10].

2.4. Biochemicals

They were all reagent grade and obtained either from

Roche S.A. (Barcelona, Spain) or from Sigma Chemical Co.

(St Louis, MO, USA).

2.5. Statistical analysis

Statistical analysis of the data was performed by means of

the Student’s t-test.

3. Results and discussion

The mouse Lewis lung carcinoma is a suitable model

system for studying the mechanisms involved in

experimental tumour proliferation. The tumour has

been described as an anaplastic epidermoid with a

marked haemorrhagic tendency, which produces

multiple lung metastases regularly, spontaneously and

consistently [11], and it is extremely refractory to most

chemotherapeutic agents [12]. It is basically a well-

known neoplasia that has a short infective cycle linked

to a high growth and a lung metastatic process, which

soon causes death [13].

Table 1 shows the effects of resveratrol adminis-

tration on food intake and body weight of the

experimental animals. Administration of 5 mg/kg BW

of resveratrol had no effects on food intake in the

control (non-tumour-bearing animals). Tumour burden

caused a significant reduction in food intake: 28, 22 and

22% for tumour, tumour treated with 5 mg/kg BW and

tumour treated with 25 mg/kg BW, respectively

(Table 1).

In addition, the presence of the tumour significantly

decreases body weight (15% tumour non-treated).

Resveratrol treatment was unable to prevent the loss of

body weight (Table 1). The lack of effect of resveratrol

ameliorating the anorexia of the tumour-bearing mice
Final BW Food intake

26.7G1.3 (5) 115.5G11 (5)

25.7G1.1 (6) 103.5G9 (6)

22.7G1.1 (6)* 82.5G9 (6)*

21.9G0.7 (6)* 81G5 (6)*

21.6G1.1 (6)* 81G4 (6)*

imals indicated in parentheses. Food intake is expressed in grams and

which took place 15 days after tumour inoculation. Final body weight

e of the differences: *P!0.05.



Table 2

Effects of resveratrol on tumour mass and volume in mice bearing the

Lewis lung carcinoma

Mass (g) Volume (ml)

Tumour 6.1G0.2 (6) 6.3G0.5 (6)

TumourCresveratrol (5 mg/kg BW) 6.1G0.2 (6) 5.8G0.5 (6)

TumourCresveratrol (25 mg/kg BW) 6.2G0.3 (6) 6.1G0.3 (6)

For more details see Section 2. Results are meanGSEM for the

number of animals indicated in parentheses. BW, body weight.

S. Busquets et al. / Cancer Letters 245 (2007) 144–148146
agrees with previous results from our laboratory [4].

Additionally, a similar observationwas also described in

LPS-treated rats where diphenol treatment was also

unable to prevent anorexia induced by the bacterial

endotoxin [14]. The results are somewhat surprising

since resveratrol is a cyclooxygenase inhibitor and this

enzyme has been involved in the mechanisms related to

food intake control.

Table 2 shows the mass and volume of the tumour-

burden. Interestingly, resveratrol treatment at both 5

and 25 mg/kg BW had no effects on either of these two

parameters. These results do not agree with previous

data suggesting that resveratrol had an anti-tumoral

action [4]. However, the diphenol had a significant

effect on the lung metastases generated in this type of

experimental tumour model. Indeed, as shown in Fig. 1,

resveratrol caused an important decrease in the number

of the secondary tumour nodules. Similar decreases

were observed for both doses, 5 and 25 mg/kg BW

(36–40%). In relation to the actual weight of the

metastases, the effect of resveratrol was similar

inducing an important decrease, although the higher

dose had a much more marked effect than the lower one

(74 and 45%, respectively).
*
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Fig. 1. Effects of resveratrol on lung metastases in mice bearing the Lewis l

correspond to number of metastases. Panel B shows the metastases weight (

25: tumourCresveratrol (25 mg/kg BW). Number of animals in each group

treated *P!0.05, **P!0.001, tumour-treated (5 mg/kg BW) versus tumou
As mentioned before, previous results indicate that

resveratrol is able to suppress tumour growth. Indeed,

Tseng et al. [15] described that resveratrol was able to

reduce the growth of rat RT-2 gliomas, possibly by

suppressing angiogenesis and therefore inducing

cytotoxicity to the growing tumour mass. Similar

results have also been obtained in our own laboratory

using the Yoshida AH-130 ascites hepatoma where

administration of 1 mg/kg BW of resveratrol caused

25% inhibition of tumour growth [4]. However, Bove

et al. [16], in spite of the fact that resveratrol was found

to inhibit tumour growth of 4T1 breast cancer cells,

were not able to show any in vivo effects of resveratrol

on tumour growth using tumour-bearing mice.

Taking these results into consideration, it is

reasonable to think that the action of the diphenol on

primary tumour growth may be dependent on the

experimental model used. Interestingly, there are

several reports that agree about the anti-metastatic

effects of resveratrol. Kimura and Okuda [17,18]

reported an inhibition of lung metastases on tumour

bearing mice. Similarly, Scarlatti et al. [19] showed that

resveratrol could induce growth inhibition and apopto-

sis in MDA-MB-231, a highly invasive and metastatic

breast cancer cell line, possibly by inducing apoptosis.

Using the same type of metastatic breast cell line, Hsieh

et al. [20] suggested a decrease in cell proliferation.

The results obtained in the present study are

particularly interesting especially when taking into

consideration the fact that primary tumour growth is not

affected. Any results obtained using the diphenol that

affect the primary tumour growth are bound to affect

metastatic growth [17,18]. It can therefore be con-

cluded from our present work that resveratrol is clearly
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an anti-metastatic agent, possibly working by decreas-

ing angiogenesis [21,22] in the secondary cancer

nodules.

Another possible mechanism involved in the effects

of resveratrol on lung metastases might be connected

with TNF-a (tumour necrosis factor alpha). Previous

results from our group clearly showed that inhibition of

cytokine production results in a decrease of lung

metastases in the same tumour model (data not

shown). Since resveratrol behaves like an anti-

inflammatory agent [23–25], some of the anti-meta-

static effect could involve the inflammatory response

present in the tumour and undoubtedly associated with

higher levels of the cytokine.
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[4] N. Carbó, P. Costelli, F.M. Baccino, F.J. López-Soriano,
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