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TNTRODUCTION
Models of laboratory animals subjected to experimental stressorshave been
widely used to investigaie the action of stresson tumor growtha. When the relereviewed, a higJeheterogeneity appeared both for the
vant íeports are criti;lly
animalltumor systems used and for the characteristics of the stressor employed.
The occurrence and magnitude of the effects of the stressors on tumor growth
was correspondingly variable. Moreover, tumor metastasis was marginally con2'
sidered, in spite òf it. o,ttttunding clinical relevance
Among tÉe numerous experimental stressorsstudied, the application of rotational stress (RS) to mice housed in a stress-protected.environment, appears to
be a carefully u"d widely characterized mild psychological stressor5- The effects
of the appli.ution of RS have been examined in syngeneic-mice implanted with
Lewis lung carci.toma, in order to specifrcally determine.the action of the stressor uDon tumor dissemination in addition to tumor growth. Rotational stresswas
,ho*, to significantly modify metastasis, independently- from its effects on the
primary tuÀor gro*ih. However, a high variability in the results obtained was
àbr.rrr.d, which"could not be reduced by the accurate control of housing conditions anú experimental procedures. When a retrospective analysis of the results
obtained in numerous experiments repeated in different periods of the year was
performed, a seasonaldependency could be recognized, consisting of an increase
in metastasis by the streisor in summer, and of a decrease in winter months.
Kelt-worrls:Experimzntal stresslrs;Leuis lung carcinoma;Metnnnin; Metastasis;Mice'
RecLivedSeptember30, 1993.
Chronobiologia 21, 99-103,1994'
*Presented at the 3rd Nationa.l Meeting

ofthe Italian Society for Chronobiology,

Florence (Italy)June

11th 1993'

99

!L VARIAIION

OF TUMOR

METASTASIS IN STRESSED MICE

The aim of the present investigation has been therefore to examine the possible seasonaldependency of the effects of experimental stressorson tumor growth
and metastasis in mice bearing Lewis lung carcinoma. The stressor paradigms
used are RS, forced immobilization and electric foot shock. The possible participation of pineal gland and of melatonin have also been examined including in
the experimental protocol the measurement of melatonin urinary excretion.
MATERIALS

AND

METHODS

Animnls, tumnr transplnntation and eualuation
The animals used are female C57BL|6 x DBA/2F1 (BD2F1) mice weighing
18-20 g, purchased from Charles River, Calco, Como, Italy. Lewis lung carcinoma, originally provided by the National Cancer Institute, Bethesda Md, U.S.A.
was propagated in BD2F1 mice by subcutaneous or intramuscular injection, as
indicated, using a tumor cell suspension containing 106 viable tumor cells 1.
Measurement of metastasis formation was performed at sacrifice of the animals
on day 22 frorn tumor inoculation, as already described 1.
E xp erimtntal stressors
Rotational stress was applied to the animals maintained in a low stress environment, as indicated, by spinning the cages at 45 rpm for 10 min every hour
from the time of tumor inoculation until sacrifice 1. Forced immobilization was
imposed in the low stress environment by tying the animal's legs with strings
fixed to small plastic boards, for th daily on days 1-6 from tumor inoculation.
Electric foot shock (1mA) was delivered through the grid floor lasting 5 sec. Sessions, consisting of the repetition of this cycle every 10 min for 3h, were repeated
for 21 days following tumor inoculation.
Uinarlt melatonin excretion
For urine collection, the mice were housed individually in conventional cage
(21x27 x14 cm), each containing a stainless steel grid. Urine was collected on
chromatographic paper (Whataman 3MM) placed below the srainlesssteel grid.
Melatonin extraction and assay were performed as already described 3.
RESULTS AND DISCUSSION
The effects of experimental stressors on tumor progression in mice are being examined in the laboratory of the authors since several years. In spite of
the most accurate control of the experirnental condition, a high variability in
the result obtained with RS was evident, which could not be reduced by a further ccjntrol of the experimental setting. A similar high variability was encountered during repeated experiments with electric foot shock. A retrospective analysis
of the data collected with RS indicated that the results obtained could have a
seasonal dependence. Indeed, data in Table 1 illustrate the results of representative experiments performed in winter or summer. The effects of the application
of RS on primary tumors are not reported since they are not significantly different in any of the experimental groups. On the contrary, metastasis weight is significantly increased in April, whereas in December a significant decrease is noted. Similar results are obtained in unreported experiments using a light intensity of 2000 lux. The effects of application of electric foot shock on metastasis
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1: urinary excretion (pg); 2: variation over controls; 3: B a.m.-8 p.m. (light on); a: B p.m.-8 a.m. (light off).
The light-dark cycleís l2/I2 hr and intensity of illumination measured in the cages5lux. Each value is the
mean t S.E.M. obtained using groups of 10 mice implanted subcutaneously with the tumor. Melatonin assay
was performed in the 24 hr period before the day of sacrifice. Mems marked with the same letter are significantly different, Mann Whitney test (6), p<0.05.
Tilble 1 - Effect of rotation stress (RS) on tumor metastasis and melatonin
a function of the month of evaluation.
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weight also display a seasonal variation, consisting. of a. significant increase in
summer, accompanred by no significant variation in winter. On the contrary,
the application of forced immobilization does not cause season-dependent effects
on metastasis.
The stressor paradigms examined are widely different, particularly as far as
the magnitude of their physical component is concerned. The neuro-vegetative
and neuro-endocrine pathways determining the reported effects on tumor progression are known to be correspondingly different (e.g. opiod dependent vs independent). These differences might be related to the differences in seasonal dependency of the effects of only some of the stressors.
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Each value is the mean ! S.E.M. obtained using groups of 10 mice. The light-dark cycle is 12112hr and intensity of illumination measured in the cages5lux. Tumor implantation was subcutaneous (electric foot shock)
or intramuscular (forced immobilization). Means marked with the sameletter are significantly different, Mann
Whitney test (6), p<0.05.
Tàble 2 - Effects ofthe application ofdifferent
as a function of the month of evaluation.

experirnental stressors on the weight oflung metastasis,
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The above reported seasonal effects might be related to pineal gland function, and melatonin urinary excretion has been measured in relation to the
seasonal effects of RS. Nocturnal melatonin excretion is markedlv increased bv
RS in April, and is remarkably decreased in December. These variations in
endogenous melatonin levels caused by RS appear to directly correlate with the
effects of the stressor on metastasis. These observations appear of relevance for
their experimental implications. Indeed, seasonal effects, in addition to housing
stress, appear of relevance when the effects of experimental stressors are investigated in laboratory animals. Moreover, the role of pineal gland and of its indoleamine hormone, melatonin, appear significant in relation to cancer progression, stress sensitivity and chronobiological aspects as illustrated in the present
report. These data further indicate the relevance of chronobiology in experimental
cancer research and neuro-immuno-modulation.

SUMMARY
Increasing evidence indicates that the application of stressor paradigms in experimental anima-ls
affects tumor incidence and progression. However, a high heterogeneity appears both for the animaltumor system used and for the characteristics of the stressor employed. A high variability was observed also with the application of rotational stress, a carefully and widely characterized mild psychological stressor, to mice bearing Lewis lung carcinoma. The aim of this work has been there fore to examine the possible seasonal dependency of the effects of experimental stressors (rotational stress, forced immobilization and electric foot shock) on spontaneous lung metastasis formation in mice bearing Lewis lung carcinoma. The possible participation of pineal gland and of
melatonin have also been examined including in the experimental protocol the measurement of
melatonin urinary excretion. The stressor paradigms used signifrcantly increased metastasis weight
in spring, in comparison with non-stressed animals. When examined in winter, rotational stress
and foot shock signifrcantly decreased metastasis formation, in comparison with non-stressed mice.
The effects of forced immobilization were not season-dependent. The melatonin urinary excretion has been measured in relation to the seasonal effects of rotationai stress. Nocturna.l melatonin excretion is markedly increased by rotational stress in spring and is remarkably decreased in
winter. These variations in endogenous melatonin levels caused by rotational stress appear to directly
correlate with the effects of the stressor or metastasis. These results lend support to the view that
the mechanisms underlying the tumor enhancing action of stressors involve the psychoneuroendocrine network, and indicate the relevance of chronobiology in experimental cancer
research and neuro-immuno-modulation.
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