
)bviously less heat is lost to neighboring penguins
han to the environment; in fact, if the body tem-
)eratures are equal no heat would flow across the
:ontact surfaces.

We conclude that most of an emperor penguin's
nergy reserves are required for temperature regu-
ation, and only about 8.5 percent of the total is
ieeded to make the 200-kilometer walk. The ques-
ion of why these penguins choose to breed under
:onditions that we as humans consider so severe is
nteresting and remains to be answered.

This research was supported by National Science
'oundation grant GV-39 184A.
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Control of oxyhemoglobin
dissociation in antarctic fishes

during acidosis and thermal
acclimation
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Deep hypothermia (temperatures around 20°C.)
is frequently used for corrective cardiac surgery in

human infants with congenital heart disease, as well
as to preserve kidneys For homotransplantation.
Because tissue oxygen requirements are reduced
at low temperatures, in certain cases hypothermia
could be used to treat patients suffering from acute
respiratory failure. It therefore is necessary to
understand the effects of low temperatures on the
affinity of hemoglobin for oxygen and on the meta-
bolism of the red cells if we are to apply hypo-
thermia to patients.

The control of oxyhemoglobin dissociation ap-
pears to play a role in the survival of most species.
Some stenothermal poikilothermic vertebrates are
excellent subjects for studies of the effects of ex-
tremely low temperatures on the binding affinity
of hemoglobin for oxygen. The large antarctic
cod, Dzssostichns mawsoni, is ideal for such investi-
gations because it lives continually at - 1.9°C. and
survives without difficulty in the laboratory. Fur-
ther, its circulatory system can be easily implanted
with a small tube allowing repeated blood sampling
without disturbing the fish.

Using equipment provided by Radiometer, Inc.,
Copenhagen (Denmark), we measured blood pH
and oxygen tensions directly at - 1.9° and 4°C. on
several specimens of D. mawsoni and Trematomus
borchgrevinki. Oxyhemoglobin curves were con-
structed by measuring oxygen pressures of samples
made from various proportions of oxygenated and
deoxygenated blood. 0. Siggaard Andersen, M.D.,
Rigs-hospital, Copenhagen, kindly provided Dr.
Qvist with a specially designed apparatus for mix-
ing deoxygenated and oxygenated blood.

Blood pH was precisely determined for eight
chronically catheterized D. mawsoni at temperatures
of - 1.9° and 4°C. These fish were held in aquariums
at McMurdo Station's Eklund Biological Center.
The in vitro effects of temperature (- 1.9° and 4°C.)
and pH variation on oxyhemoglobin affinity were
examined. Attempts were also made to define the
chemical modulator (nucleotide triphosphate) of
oxyhemoglobin affinity in D. mawsoni, and changes
in red cell nucleotide triphosphate (NTP) concentra-
tion were followed during metabolic acidosis and
thermal acclimation.

Briefly, our results demonstrated that the blood
pH of chronically catheterized fish is about 8.2 at
- 1.9°C. and 8.1 at 4°C. The P50 value (partial
pressure of oxygen at which 5 percent of the hemo-
globin is saturated) at - 1.9°C. was 12.5 torr at a pH
of 8.2, and after the fish was stressed by capture on
the set-tine it was 15.8 at a pH of 7.7. No differences
in pH or P50 values were found with time of stress
(i.e. 1 hour versus 24 hours on the hook). The in
vitro P50 value was 20.9 torr at a pH of 7.75. NTP
(probably adenosine triphosphate) was present in
high concentrations in D. mawsoni red blood cells
(about 475 micromoles per 100 milliliters of red
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Changes in pH, P50, and in
traerythrocytic nucleotid
triphosphatein the blood
one Dissostichus mawson
during recovery from lacti
acidosis. The fish was ver
acidotic due to prolonga

cannulation procedures.

blood cells). Only trace amounts of 2,3-diphospho-
glycerate, the chemical modulator in all mammal
red blood cells, were present. Chromatographic
separation of red cell nucleotides is under way.
Rapid decreases in red cell NTP concentrations com-
pensating for decreased oxyhemoglobin affinity
occurred either after temperature increases or lac-
tic acidosis. As lactic acid was slowly metabolized
there was a progressive increase in cell NTP levels.
The time course of these changes (P50 , NTP, pH,
and lactate) is documented in the figure.

Our collaborative research on this low tempera-
ture vertebrate has advanced our understanding of
the modulation of oxyhemoglobin dissociation in a
species that does not employ 2,3-diphosphogly-
cerate as a modulator. We have also confirmed
Rahn's concepts of pH regulation in marine fishes,
and have suggested future arterial pH modifica-
tions that might be used during clinical therapy
with induced hypothermic states. Our research also
indicates that experiments should be done with
humans to ascertain whether 2,3-diphosphogly-
cerate is active in modulating oxyhemoglobin dis-
sociation in clinical hypothermia (to our knowledge
this has not been explored in humans). It would be
most valuable to learn if such adaptive capacities
exist in humans during hypothermia.

This research was supported by the Arvid Nilsson
Foundation, Denmark, and by National Science
Foundation grant oPP 74-0797.

References

Nørgaard-Pedersen, P., 0. Siggaard Andersen, and J . Ren
1972. Hemoglobin pigments: mixing technique for prepara
tion of known fractions of hemoglobin pigments. Glinio
Chi mica Acta, 42: 109-113.

Rahn, H., and F.W. Baumgardener. 1972. Temperature ant
acid-base regulation in fish. Respiration Physiology, 14: 171-182

Low temperature nerve function
in antarctic marine poikilotherms
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Cold-blooded animals in antarctic seas live under
a stable low temperature regime, which contrasts
sharply with the seasonal fluctuations of temperate
waters. The long evolutionary time of physiological
cold adaption in antarctic animals may be expected
to produce compensatory changes incompatible
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