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configurations are of limited size, and are built up from a
limited number of basic units, their possible variety,
though large, is finite. Various workers have suggested
that the number of different antibody specificities is
limited. Haurowitz!!, estimated that not over 50,000
different antibodies exist, and TaLmMaGE®* proposed
making do with 5,000.

The specificity of a lectin is evidently due to the fact
that one or more (usually several, it seems) of its surface
configurations is complementary to a configuration that
occurs one or more times on the surface of a polysaccharide
or a protein molecule. It is not to be expected that a
lectin will possess a configuration complementary to a
configuration that appears in all polysaccharides or all
proteins, which might make it indeed nonspecific.

These arguments are supported by several lines of
evidence: The work of Kapat!® indicates that the specific
determinant groups of polysaccharides are made up of
only about 6 monosaccharide residues. The comple-
mentary configuration in the corresponding antibody or
lectin would therefore be of similar size. LANDSTEINER’S
experiments with di-, tri- and polypeptides as haptens4
indicated that polypeptides containing 5 or 6 amino acids
were about as large as the antibody-forming mechanism
cared to recognize as a single determinant. SPRINGER and
Desar1?® found the specific determinant recognized by the

11 F. J. Havrowirz, Cell. comp. Physiol. 47, Suppl. 1, 1 (1956).

12 D, W. TaLmace, Science, 729, 1643 (1959).

13 E. A. Kagar, J. Cell. comp. Physiol. 50, Suppl. 1, 79 (1957).

1 K. LANDSTEINER, The Specificity of Serological Reactions, 2nd.
rev. edn. (Harvard University Press, Mass. 1945).

15 G. F. SpriNGeR and P. R. DEsar, Biochemistry 70, 3749 (1971).

16 S. Marsusara and W. C. Boyp, J. Immun. 97, 641 (1963).

17'S. MarsuBara and W, C. Boyp, J. Immun. 96, 25 (1966).

18 S. Marsusara and W. C. Boyp, J. Immun. 96, 829 (1966).

19 S. Marsusara and W. C. Bovp, Immunology 25, 909 (1973).

2 M. E. E1zLer and E. A. Kapar, Biochemistry 9, 869 (1970).

2 8. HammarsTROM and E. A. KaBaT, Biochemistry 70, 1684 (1971).

2 R. D. Porerz and I. J. GoLpsTEIN, Abstracts, Am. chem. Soc.
1967, 155, No. 48.

2 Present address: 1241 Prospect Street, La Jolla, California 92037,
USA.
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anti-H(0) lectin of the eel to be a portion of a single
monosaccharide. It is hard to believe that the specifically
reactive structure in this lectin is very complicated.

The specifically reactive groups in other lectins likewise
seem to be of limited size. MaTsuBara and Boyplé-19
found that relatively minor chemical alteration of a
lectin could alter its specificity considerably. They
found!® that phenylazobenzoylation of the Lima bean
and Sophora japowica greatly increased the anti-A
activity. Examination of pronase digests of these modified
lectins showed that the peptide containing the PhAB
residue was composed of only 3 or 4 amino acids: not
proof, to be sure, but suggestive.

EtzLErR and KaBaT? found that the purified lectin of
Dolichos biflorus was specific for o-linked D-GalNAc,
although they did not establish the exact size of the
complete reactive group in the antigen, and HAMMAR-
sTROM and KaBaT? found that the purified lectin of
Helix pomatia precipitated with macromolecules having
terminal o-linked D-GalNAC, but not with those having
B-linked p-GNAc end groups. PORETZ and GOLDSTEIN 22
reported that in the purified concavalin A molecule there
are present binding loci complementary to the 1,5-
anhydro-2-deoxy-p-arabino-hexitol or the arabinofuran-
osyl ring systems. All these observations combine to
suggest that the specifically reactive group in the lectin
is relatively small.

Considering all of the above facts, I venture to suggest
that, aside from purely physical chemical processes
such as the precipitation of proteins with normal iso-
electric points by the basic histones, there are no non-
specific large molecule-large molecule interactions.

Zusammenfassung. Es wird diskutiert, ob die Wirkung
pflanzlicher Hadmagglutinine als spezifisch oder un-
spezifisch zu bezeichnen sei und festgestellt, dass eigentlich
fast alle Reaktionen zwischen Molekiilen mit grossem
Molekulargewicht spezifisch sind.

Wirriam C. Boyp?s

Depayrtment of Biochewmistvy, Boston University School of
Medicine, Boston 18 (Massachusetis, USA),
3 September 1974.

THEORIA

The Possible Effect of Meteorological Stress on Cancer and its Importance for Psychosomatic

Cancer Research

In any adult multicellular organism there is a close
interrelationship between cell growth, cell metabolism
and thestate of the central and autonomic nervoussystems.
Disturbances in the nervous balance are reflected in
hormonal disturbances causing a dysfunction of enzymatic
mechanisms, tissue functions, antibody formation, etc.
It could affect also the histological structure of nerve
ganglia and fibres (KHAzANO, 1937).

Experimental studies, particularly in the USSR
(PETROVA, 1945; KAVETSKY, 1951; KavETsLy, TURKE-
vicH and Barrrsky?!) and in the USA (e.g.,, CoRsON?)
have shown that disturbances in the higher brain centres
could trigger and accelerate neoplastic diseases. Several
physiological mechanisms are involved.

Overstimulation of the brain centres and of the cerebral
cortex creates a weakening of the cortical functions,
affecting the thermoregulatory function of the hypo-
thalamus, the functions of the rhinencephalon or emo-
tional brain (Prick3), of the pitnitary, thyroid and
adrenal gland and of the thymus, essential for the produc-
tion of lymphocytes and development of adequate

! R. E. Kaversky, N, M. Turkevica and K. P. BaLiTsKy, Ann,
N.Y. Acad. Sci., USA 725, 933 {1966).

2 S. A. Corson, Ann. N. Y. Acad. Sci., USA 725, 890 (1966).

3 S. W. Trome, Medical Biometeorology (Elsevier Publishers Co.,
Amsterdam 1963), p. 302 and 510.
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immunological responses by the body against antigens
(METCALF, 1966), for example cancer specific antigens as
described by Makari, 1955. But also the pineal gland or
epiphysis is affected. This photoperiodic brain is a neuro-
chemical transducer which regulates the timing of
physiological events and is therefore responsible for many
endogenous biological rhythms (WURTMAN, AXELROD
and KeLLv4).

Many physiological studies have shown that each of the
physiological centres described are affected both by
psychological and meteorological stresses®. Both types of
stress trigger the same physiological mechanism in the
human body and therefore there is no reason to assume
that meteorological stresses would not affect neoplastic
diseases in a similar way as in the case of psychological
stress. This observation facilitates the study of psycho-
somatic cancer phenomena by means of biometeorological
experiments.

Main wmeteovological parameters affecting the human
body and the principle physiological centrves thyough which
these stimuli ave vecovded. Several meterological factors
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Fig. 1. Thermoregulation curve of a normal, well thermoregulated
subject.
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Fig. 2. Rewarming curve of a male subject of 23 years, suffering
from inoperable rectum carcinoma.
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could affect the normal physiological processes in the
human body: Thermal stimuli (both heat and cold and
particularly combined with wind effects, so called
cooling index), solar radiation (both IR heat radiation with
780-7300 mnm wavelength and UV-radiation, with
< 290-380 nm wavelength), humidity, air movement,
reduced partial oxygen pressure (high altitude effects),
electric properties of the atmosphere (ionization, electro-
magnetic long waves with wavelength 6-100 km and the
electrostatic potential gradient), air pollutants etc. These
stimuli are registered by the human body through the
skin, the respiratory tract, nose, eyes and directly by the
nervous systems. The Table gives a summary of the most
important meteorological effects caused by the above-
mentioned meteorological stimuli.

One of the principal structures in the brain through
which changes in weather and climate effect the body is
the hypothalamus, the principal heat regulatory centre?.

Registration of changes in environmental temperature
probably takes place as a result of minor alterations in the
physico-chemical state of the blood circulating through the
rich network of hypothalamic capillaries. At the same
time the hypothalamic nuclei receive information from
the thermal receptors in the skin. VogT, AMIN et al.
showed that noradrenalin and 5-hydroxytryptamine
(5-HT) occur in very small concentrations in the hypo-
thalamus; DomMeRr, FELDBERG, MEYERS et al. found that
excess of free 5-HT or catecholamines in one side of the
anterior hypothalamus seemed to be a factor determining
the level of body temperature.

The effects of meteorological stimuli are different during
different periods of the day (biological rhythm effect).
They depend also on the previous physiological history
of the subject (law of Wilder), the experimental history
(socalled ontogenetic age of DENENBERG®), the degree of
acclimatization to the physical environment, the psycho-
logical and anatomical typology of the subject, age, sex
etc.

It could be demonstrated (TRomP3) that if a subject is
subjected to meteorological stress during 1 h per day only
and he spends the rest of the day in a constant physical
environment, the physiological pattern due to a short
meteorological stress will continue for a considerable time.

Apart from thermal stresses also sun radiation plays an
important role. Solar radiation affects the skin but also
the pituitary and hypothalamus through indirect stim-
ulation of the eye nerve and other radiation receptors of
the body (Benorr, MiLINE and HorrwicH effect).

Through the intermediary of the hypothalamus long
lasting meteorological stresses could have a profound
influence on the hormonal processes in the human body.
This could affect carcinogenic processes. Many hormones
have growth stimulating effects. For example it is known
that thyroid tumours could be caused by an excess of
thyrotropic hormone, tumours of the adrenal cortex by
adrenocorticotropic hormones etc. These various hormonal
processes are seriously affected by a dysfunction of the
thermoregulatory centre in the hypothalamus.

¢ R. J. Wurtman, J. Axerrop and D. E. Kerry, The Pineal
{Academic Press, New York 1968). :

5 S, W. Trowmp, Progress in Biometeorology, Part TA (Swets and
Zeitlinger Publishing Co., Amsterdam 1974).

6 i.e. The relationship between stimuli received during infancy and
the later adult emotional reactivity, which is affected in animals
by maternal-infant relations, material parity, litter size, neonatal
hypothermia, neonatal handling etc. (Psychol. Rev. 77, 335 (1964).
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T hermoregulatory efficiency of cancer patients. In 1964
Tromp and Bouma? studied the thermoregulatory
efficiency of cancer patients in the Antoni van Leeuwen-
hoek clinic in Amsterdam, using the water bath test of
TroMmP8. After previous adaptation to room temperature
the left hand of the subject is submerged in water of
10°C for 2 min and quickly dried. The rise in skin tem-
perature of the palm of the hand recorded every 15 sec is
represented in Figures 1 and 2. It was found that the
general thermoregulation efficiency of cancer patients is
very poor (see Figures 1 and 2). The seriousness of the
cancer case is clearly reflected in the inefficiency of the
rewarming curve during the water bath test.

In view of the great influence of meteorological stimuli
on the thermoregulatory function in man and considering
the considerable effect of hypothalamic stimulation on the
hormonal functions in the human body (through pituitary,
thyroid and adrenal gland) it seems logical to assume that
meteorological (in particular thermal) stresses could affect
cancer development.

Previous veports on the influence of theymal stimuli on
cancer development. Several research studies seem to
support this assumption. Interesting studies were carried
out by LEa®; LEE!Y; McVavy!!; Krasnow 2, GLASER and
AUSTIN13; D& SAUVAGE NOLTING14 Pomp et al.?® and
others.

Studies by LEa. LEA® studied a possible association
between death rate from cancer of the breast in females
and the mean annual temperature in Norway, Sweden and
Great Britain. It was found that a highly significant
correlation (p < 0.001) exists between breast cancer and
mean annual temperature.

Later studies using 33 countries confirmed this observa-
tion, although in 6 countries the relationship was missing.
Further support for the assumption, that this finding is
not due to an artefact, is the fact that no latitude effect
could be established for death rates of the nterine cervix
and of the body of the uterus. '

Studies by McVay. McVay 't found a similar correlation
in 32 countries between death-rate for malignant neo-
plasms of the intestinal tract (including colon and rectum
carcinoma) and the mean annual temperature.

Studies by LEE. LEE' pointed out that there is a
pronounced seascnal incidence in the case of mortality
from malignant disease, which may be partly due to the
general deterioration in health of older people during
winter. In England and Wales, during the period 1950—
1962, there was a death-excess of about 49, during
October-March as compared with April-September.
This winter excess amounted to 6%, in the case of breast
and lung cancer and 29, in the case of stomach cancer.
However, in some types of cancer tumours there is a
summer excess. It is also interesting that the seasonal
effect observed in England occurs in Australia and New
Zealand but 6 months out of phase.

Studies by Krasnow. KrasNnow 22 started a study based
on two observations: 1. The observation of Landsberg
(1969) that areas of low malignant death rates, as shown
on a U.S. county-by-county map of KrRASNOW, are areas
of low wind velocity; 2. the observations by Tromp and
Bouma !¢ that many diseases characterized by an in-
efficient thermoregulation of the patient usually correlate
with the degree of atmospheric chilling.

A study was carried out by Krasnow for 50 countries
in the USA, 25 with highest and 25 with the lowest death
rates of cancer of the digestive system, breast and respira-
tory system. It was found that malignancies of the large
intestine and rectum, digestive system, stomach and
breast showed a statistically highly significant negative
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correlation with temperature. On the other hand, the
respiratory system (lung, trachea and bronchus malig-
nancies] showed a direct relation with temperature.

Studies by GLaSER and AusTiN 13, YouNG demonstrated
the effect of temperature on induced mammary tumours
in rats. They are less frequent at 5°C than in an environ-
ment of 32°C. According to GLASER and AUSTIN13P
inplanted Sarcoma 180 tumours in mice are smaller in
those kept at 8°C than those kept at 22 or 33°C. There is
a linear correlation between environmental temperature
and the weight of Sarcoma 180. GLASER and AUSTIN 32
also studied the effect of protamine sulphate applied at
different temperatures. The tumour growth was more
retarded at 8°C as compared with the effects at 22 and
33°C.

Studies by DE SauvacE NoLTING!4, Already in 1956
Dz Sauvace NoLTING M observed, after correction of the
average monthly birth frequency of the total population
in The Netherlands, seasonal fluctuations in birth dates
in a group of 1510 cases of cancer. Most cancer prone
subjects were born in winter, in particular in the period
December—March. Lowest values were found in June-
July; 1242 cancer cases collected by KEocH in Australia
showed the same phenomenon, only with a 6-month
shift as compared with the northern hemisphere. In other
words, most cancer-prone children in Australia were born
in June-July. Identical results were obtained in 1961 in
15,091 cancer cases in The Netherlands. The seasonal
difference was highly significant (p < 0.001). This
seasonal variation in frequency of cancer birth months
was confirmed by STURY using 2,829 cases. It was also
found by DE SauvaGe NOLTING in 1,336 cases of pulmo-
nary carcinoma collected by ALLEN!® and in 326 cases of
lung cancer described by DI1yksTRA Y. BooT 20 observed in
mice of the C4H strain, known for its high incidence of
mammary carcinoma and kept at the Antoni van ILeeu-
wenhoek Cancer Clinic in Amsterdam, that in mice born
in winter the cancer incidence was 12% higher than in
summer.

Studies by Powmp et al.?. It is known both from experi-
mental and clinical work that very high temperatures
during hyperthermia have a retarding effect on the
growth of malignant tumours. PouMP et al.® applied these
findings clinically in Germany and Austria. The hyper-
thermia was created by 11-m short waves in a cabin with
an air temperature of 70°C during 2 h. It was applied to
breast and lung cancer. The retarded growth observed is
probably due to the raised tumor cell metabolism,
changed enzyme activity and antibody system as a
result of the hyperthermia.

78. W. Tromp and J. J. Bouma, Proc. Symp. Psychosomatlc
Aspects of Neoplastic Diseases (1964), p. 80,

8 S. W. Trowmp, Int. J. Biometeor. 7, 291 (1964).

9 A. J. Lea, Br. med. J. 7, 488 (1965). — A. J. Lea, Lancet, 7968,
1040.

10 J, A. H. Leg, London Hosp. Gaz., Suppl. 68, 3 (1966).

1 7, R. McVAy, Lancet, 7968, 1393.

12 S, Krasvow, Int. J. Biometeor. 73, 87 (1969).

18 2 B, M. Graser and J. P. Austin, Nature, Lond. 227, 87 (1969). —
b E. M. GLAsER and J. P. AusTiv, Int. J. Biometeor. 73, 183 (1969).

1 W. J. J. o Sauvace NovLTINg, Int. J. Biometeor. 72, 293 (1968).

15 H. Pomp, A. PriEscHING, A. Brerr and H. Lampert, Med.
Tribune 34a, 22 and 27 (1973).

16 S, W. Troup and J. J. Bouma, Monogr. Ser. Biometeor. Res.
Centre, Leiden 77 (1970).

7 D. Stur, Klin. Wschr. 65, 898 (1953).

18 F. M. ALLan, Lancet 7, 439 (1964).

19 B. K. S. D1ygsTRA, J. natn, Cancer Inst. 37, 511 (1963).

20 L. M. Boot, Rep. Cancer Res. Centre, Ant. v. Leeuwenhoek Huis,
Amsterdam (1966).
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Influence of high altitude climale on cancer development.
In the Table some of the major physiological effects of
high altitude treatment have been summarized. WAR-
BURGH exposed cancerous rats to a gas mixture, con-
taining 5%, oxygen, for 40 h simulating an altitude of
12,000 m. The tumours became markedly but not com-
pletely necrotic. The experiment was repeated by Camp-
BELL and KrRaMER?22 at a simulated altitude of 5,100 m.
Rats were kept alive for 2 weeks. The tumours did not
regress but the growth was markedly inhibited. SuND-
sTROEM and MicHAELS % observed regressions in Walker
tumours in all experimental series kept at 360 mm Hg
atmospheric pressure (about 6,000 m altitude). The
average regressional rate as compared with controls was
399%. Under 300 mm Hg it was 45%. The effect is
explained by the authors by stimulation of the adrenal
function by reduced oxygen pressure at altitude®, changing
the level of corticosteroids in the blood serum. Also the
observed increase in calcium in necrotic tumours and the
decrease in calcium content of livers during reduced
atmospheric pressure may be involved. The importance
of the adrenal gland is suggested by the fact that adrenal-
ectomy of tumour-bearing rats stops further regression
after low pressure treatment. In fact the tumours start
growing again.

Influence of diffevent complex meteyological conditions on
growth of transplanted tumours. UNGEHEUER, BREZOWSKI,
WraBa and RaBEs? studied the causes of fluctuations in
the number of rats in pure strains of rats in which no
cancer development occurred after tumour transplanta-
tion. 737 rats of the Walker carcinoma strain were studied
during the period June 1961-June 1963. It was found

% 0. WARBURG, Klin. Wschr. 5, 829 (1926),

22 J_ A, CampBELL and W. CRAMER, Lancet 7, 828 (1928).

2 E. S. SuxpsTrROEM and G. M1cHaELS, Mem. Univ, Calif. 72 (1942).

* H. Wrea, H. Brezowsky and H. RasEs, Naturwissenschaften 52,
190 (1965).

% L. Gross, Oncogenic Viruses (Pergamon Press, Oxford 1970).

% R. HEuLmany, D. Kure and S. SpieeeLmMAN, Proc. natn. Acad.
Sci., USA 69, 1727 (1972).

27 H. M. Temiy and D. BAvtiMore, Adv. Virus Res, 77, 129 (1972).

28 5. W. Tromp, Rep. Biometeor. Res. Centre, Leiden 78 (1967).

2 5. W. Tromp, Med. News Lond. Res. Rev. 7968, 7 and 15.

Specialia

ExpERIENTIA 30/12

that the number of non-resistant animals was smallest
during quiet high pressure atmospheric conditions. The
number increased during the approach of cold fronts and
dropped again after the front had passed. The observed
differences (67 and 799,) were statistically significant.
The effect is greatest when the meteorological stimulus
takes place 1 or 2 days after the tumour transplantation.

Possible effect of meteovological factors om viruses. The
increasing evidence that leukemia and various types of
cancer 27 may be caused by certain carcinogenic viruses
is another aspect of possible meteorological effects on
cancer. Various biometeorological studies (Tromp?)
have shown that virus development depends on certain
critical boundaries of temperature and humidity. Meteo-
rological factors influence also the general resistance of
the body against infections and the permeability of
membranes. They also affect the antibody level of the
serum?®. It is therefore not excluded that soil, weather
and climate could influence carcinogenic processes
induced by viruses.

Conclusion. The various physiological mechanisms
described, which are triggered by meteorological stimuli,
may help to explain the effect of psychosomatic factors on
cancer?. Whereas in purely psychosomatic research it may
be difficult to study the real mechanisms involved, bio-
meteorological studies on the effects of meteorological
stress may assist future psychosomatic cancer research.

Various studies suggest the great influence of thermo-
regulatory processes on the hormonal functions in the
human body. Disturbance of these processes may lead to
cancer development. Experiments by TroMP and Bouma
have shown the very poor thermoregulatory efficiency of
cancer patients. Studies by Lra, LEE, McVay, KrRaSNOW,
GLASER, DE SAUVAGE NoLTiNG and others confirm the
effect of meteorological stresses (in particular thermal
stresses) on thermoregulatory processes and cancer
development. The similarity in physiological processes
during meteorological and psychological stresses may
facilitate the studies on the influence of psychosomatic
factors on cancer.

S. W. TroMp

Biometeovological Research Centre Leiden,
Jan Steenlaan 3, Oegstgeest (Leiden),
(The Netherlands), 29 October 1973.

PRO EXPERIMENTIS

An Electronic Method for Measuring the Heart Frequency of the Waterflea: Daphnia pulex

So far relatively few researchers have explored the
possibility of employing invertebrates for testing drugs.
Two of us (R.N. and G.N.) students of the HTS in
Heerlen, had to prepare a synthesis of phenobarbital and
compare the synthetic with a commercial product.

In a preliminary research, Daphwnia pulex appeared to
respond specifically to a number of drugs and hormones.
We have found that the following altered the heart
frequency of the water flea: oxytocine ADH, cAMP,
acetylcholine, trilodothyronine. With phenobarbital there
is a sharp decrease in heart frequency. In this study a clear
correlation was found between heart frequency and
phenobarbital concentration, which allowed us to test
the 2 different phenobarbital preparations mentioned

above. A special technique was devised to measure the
heart frequency.

Matevials. The apparatus used is shown in Figure la.
It comsists of: 1. A projection microscope type: Ken-A
vision model Tech-A, lamp: 100 W 1A/GE. 20 V 5A/G
161/,/3.; lenses: objective N.A. 25, ocular 8 x and 10 X.
2. To maintain a constant temperature, a heat absorber is
placed between the animal specimen and the projection
lamp. The heat absorber is a saturated solution of CuSO,,
chilled with ice, which keeps the specimen temperature
constant within 0.5°C for a maximum period of 10 min.
3. A light dependent resistance (LDR) connected to an
amplifier (Figure 2), 4. A source of direct electrical current:
2 nine volt batteries connected in series. 5. An oscillo-



