
measure the temperature of the brainstem nuclei when
their temperature was altered by circulating water
through the thermodes. The temperature of the POAH
nuclei could be maintained in this way at tempera-
tures between 34° and 42° C. When heating this
neural tissue to 42 0 C., the penguins were induced to
eat snow or ice and the activity of the salt gland was
readily affected by heating or by cooling these nuclei.

Dr. Hammel and Messrs. Maggert, Kaul, and
F. Todd (of Sea World) were at McMurdo from late
October to early December 1973 and obtained 25
Adélie penguins from Cape Bird. Twelve of these
birds were implanted with thermodes while at
McMurdo. These prepared penguins were returned
to our California laboratory in December 1973 for
continuing thermoregulation and osmoregulation
studies.

In collaboration with Dr. L. Crawshaw, John B.
Pierce Laboratory, Yale University, heating and cool-
ing the POAH nuclei failed to alter oxygen consump-
tion. Even when shivering was induced by forced
ingestion of ice, the level of oxygen consumption could
not be increased by cooling and could not be decreased
by heating the POAH tissue. Only sometimes could
slight vasomotor responses be induced, and only
slight changes in core temperature were induced
thereby.

In collaboration with Dr. E. Simon, Kerckhoff
Institute, Bad Nauheim, Germany, penguins received
a continuous infusion of 1.0 molar sodium chloride
at a rate of 0.7 milliosmol per minute, into the gut.
The birds excreted sodium chloride from both orbital
salt glands at about the same rate at a normal POAH
temperature of 39°C. Increasing the POAH tempera-
ture to 41°C. increased the excretion rate to 1.1
milliosmol per minute, while cooling to 34'C. reduced
the excretion rate to nearly zero for periods of a half
hour. The sensitivity of the response was 0.1 to 0.15
milliosmol minute -10C.-1.

We suppose this osmoregulatory response to a local-
ized increase in temperature in neural tissue is un-
natural; it may be induced thermal activity of solutes
within neurones, while solutes diffuse from the extra-
cellular fluid of the heated tissue. These results compel
us to consider whether thermoregulatory responses
induced by localized altering of temperature in the
brain, in the spinal cord, and in other neural elements
in the core may also be attributed to osmotic effects
within the neural elements. Perhaps only the cutane-
ous temperature transducers are excited naturally by
this osmotic process.

This research was supported by National Science
Foundation grant GB-40176X.

Studies of the brain-blood barrier in
antarctic organisms

CARLOS E. TRADATTI, MIGUEL A. ESBRY,
RUBIN DIPAOLA, and EMANUEL LEVIN

Direccion Nacional del Antartico
Buenos Aires, Argentina

Brain-blood barrier phenomena (i.e. those ruling the
transport of substances to and from the encephlon)
in organisms of conventional habitats are influenced
by temperature. Hibernation is one method that not
only modifies the transport of substances into l the
central nervous system but also affects its normal
functioning.

It has been shown that many free amino cids
present in the central nervous system fulfill important
functions. This is the case for gamma-aminob tyric
acid and for glycine, both proposed as neurot ans-
mitters of an inhibitory type, and for others like
glumatic acid (an excitatory agent). The exist nce
of a barrier to the transport of these amino acid has
been determined in mammals.

Experimental studies, carried out during 197 in
Antarctica, established that the brain amino acid
content in some fishes of the Notothenidae family
have some peculiarities not present in other ani4ials.
Such peculiarities particularly referred to the brain
gamma-aminobutyric acid content in Trematmus
bernachii, which was found to be higher than that of
its metabolic precursor, glutamic acid; this suggests
that part of the brain gamma-aminobutyric acid
could be blood-transported. The presence of ganma-
aminobutyric acid in the blood, in the liver, in. the
gonads, and in the kidney was established and indi-
cates that the blood-brain barrier for gamma-amino-
butyric acid probably is not present.

Experiments were done on fishes and penguins
to determine how 3H-gamma-aminobutyric acid is
transported from blood to brain. Preliminary results
indicate a penetration of this amino acid in i the
central nervous system. At Palmer Station, during
January and February 1974, experiments concen-
trated on the blood-brain barrier to gamma-amino-
butyric acid in fishes of the Notothenidae family
(Notothenia gibberifrons, Trematomus bernachii,
and Trematomus newnesi) and in other homeo-
thermal organisms of the region such as the Adélie
penguin (Pygoscelis adéliae) and the blue-eyed bor-
morant (Phalacrocorax atriceps) . Experiments studied
the time course of gamma-aminobutyric acid pene-
tration into the brain in different species to see if
the preliminary results in fishes could be extended
to all antarctic organisms. Samples also were col-

100	 ANTARCTIC JOURNAL



lected for studies of the activity of two main enzymes
in gamma-aminobutyric acid metabolism: glutamic
acid decarboxilase and gamma-aminobutyric acid
transaminase.

In these fishes the occurence of a glycoprotein in
blood, reducing the freezing point of biological fluids,
poses some questions regarding its possible influence
on the central nervous system and the blood-brain
barrier. Blood samples were taken from these fishes
to determine the presence of such protein.

The assistance and collaboration of personnel at
Palmer Station and of the crew aboard R/V Hero
is greatly appreciated.

Blood flow in the giant petrel

CHARLES L. GUARD and DAVID E. MURRISH
Department of Biology

Case Western Reserve University
Cleveland, Ohio 44106

The uninsulated feet and legs of birds commonly
are exposed to extremes of cold in polar regions.
Blood circulation through these extremities must
balance the demands of (a) tissue nutrition, (b) pre-
vention of tissue freezing, and (c) core body tempera-
ture regulation. The dense vascularization character-
istic of bird feet appears to provide blood flow capac-
ity i i excess of nutritional needs. Composed mostly of
bone and connective tissue, the non-feathered extremi-
ties iave low metabolic oxygen requirements and thus
havi little local heat production. Heat from the body
core must be supplied via blood circulation to main-
tain i tissue temperatures above ambient temperature.
During periods of intense activity the naked extremi-
ties serve to dissipate heat. Feet and legs are the
major avenue of heat loss in gulls, their importance
increasing with ambient temperature (Steen and
Steen, 1965).

The giant petrel (Macronectes giganteus) presents
an ideal and interesting model for study of the con-
trol mechanisms of peripheral circulation. Unlike the
gull, the giant petrel has a dual system of venous
return from the web and lower leg. One set of veins
returns to the body core as an anastomosing plexus
surrounding the single supplying artery. Another,
larger venous drainage, although spatially separate,
returns in parallel with the countercurrent veins. The
primary arterio-venous connections for the counter-
current veins are via capillaries. Conversely, non-
nuritive anastomoses connect the small arteries and
the other, more peripheral, venous return. The plantar

surface of ducks' feet also contain plentiful arterio-
venous anastomoses (Schumacher, 1916).

Fifteen giant petrels, each weighing from 3.4 to
5.4 kilograms, were captured in the vicinity of Arthur
Harbor, Anvers Island, during the 1973-1974 austral
summer. Birds were anaesthetized intravenously with
nembutal sodium for the implanting of electro-
magnetic blood flow probes, blood pressure and in-
fusion cannulae, and 45-gage copper-constantan
thermocouples. Blood flow was measured in the dorsal
pedal artery at the feather line and at points more
proximal along the femoral artery. Blood pressure
was recorded from the cartoid artery, from an artery
along a toe in the web, from the peripheral vein just
below the tibio-metatarsal joint, from the peripheral
vein in the web, and from the countercurrent vein
along the lower tibia. Thermocouples were placed in
contact with the walls of the arteries and veins at
various points in the feet and legs.

Light anaesthesia was maintained with valium and
nembutal sodium during the course of the experiment.
Vascular responses to immersion of the feet in ice-
water and to heat stress were recorded. The effects
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Normal response of the giant petrel to immersion of both feet in
0°C. icewater. The arrow indicates the time of immersion. The
symbols on the ordinate axis from top to bottom represent tem-
perature, arterial pressure, venous pressure, and blood flow.
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