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ABSTRACT

The change of permeability during hypothermia was investigated after injecting xylose
and inulin intravenously. The arterio-venous differences of these nonutilisable carbohydrates
were compared in isothermic and hypothermic limbs. It was found that these substances
diffused out of blood vessels and attained equilibrium with the extravascular compartment,
at a quicker rate, during hypothermia. In spite of considerable decrease of plasma volume
during hypothermia, the total plasma protein was diminished, indicating considerable protein
loss from vascular compartment. Due to lower molecular weight the loss of albumin was
relatively greater than other plasma proteins.

INTRODUCTION

Investigations on the utilization of carbohydrate during hypothermia brought
to light several facts (Sen et al., 1957). It was observed that the arterio-venous
difference of glucose in blood was increased during the initial stage of hypothermia,
induced either by extracorporeal method or by surface cooling. During the sugar
tolerance test, the pattern of arterio-venous difference in the hypothermic limb
showed some departure from the normal arterio-venous difference observed in the
isothermic limb of the same animal. Relatively quicker removal of arterial blood
sugar at the initial stage of hypothermia and slower removal at & later stage at
the identical sugar level suggested an increased permeability of the capillaries to
})lood sugar. As glucose is an utilizable sugar, its equilibrium in the tissue was
n}ﬂuenced by a dynamic state of metabolic activity. Stimulation of heat produc-
Plon due to cold may considerably influence such event (Brody, 1945). A better
Interpretation could, therefore, be obtained by studying the arterio-venous dif-
ference in hypothermia, with inert and non-utilizable sugars like xylose and inulin.
Increased capillary permeability is also a likely factor to alter the protein compo-
nents of blood plasma, both quantitatively and qualitatively. The total plasma.
protein and the different components were, therefore, studied both in hypothermic
and normothermic blood.

EXPERIMENTS

.Cats weighing from 2-3 kg. were used in the experiments. They were anes-
thetised with intramuscular injection of urethane (2 gmjkg.). To determine the
change of permeability towards inert sugars like xylose and inulin, one of the
hm@ limbs of the urethanised cat was brought to the desired hypothermic condition
by ice packing, while the other was gently warmed to maintain the isothermic
temperature. The temperature of the deeper tissues was determined directly
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with a centigrade thermometer. When the desired experimental thermal condition
was attained, 40 per cent solution of xylose containing 0.5 gm/kg. body weight
was mtra.venously injected in the femoral vein of the cats. In another series o-
experiments, different amounts of inulin were injected intravenously. The arteriof
venous differences of these sugars in the hypothermic and isothermic limbs were
determined by estimating xylose (Drury, 1948) or inulin (Little, 1949) in arterial
and venous blood samples at different intervals (Tables I and II). Both cats and
dogs were used for the study of plasma protein during hypothermia. 2 gm/kg.
urethane was used intramuscularly for anesthetising the animals. Desired degree
of hypothermia was produced either by surface cooling or by extracorporeal method
(Mukherjee et al., 1956). Blood serum and heparinised blood plasma, prepared
from the arterial blood of animals in hypothermic and prehypothermic condition
were analysed for total protein (Hawk et al., 1954). Different fractions of plasma
proteins were determined by paper electrophorems carried out with barbiturate
buffer (pH 8.6 ionic strength 0.05) in 5 hours run at 8 mA current. Densitometric
avaluation was carried on bromophenol blue stained electrophorogram (Table III).

REsurrs AND Discussion

Both xylose and inulin are non-utilizable sugars and are permeable to the
capillary walls. Inulin being of higher molecular weight diffuses out at a lower
rate than xylose and its distribution is limited to a more restricted space. Like
other unutilizable sugars, their rate of diffusion is governed by simple physical
laws of permeability. Xylose being of lower molecular weight diffuses out of blood
vessels at a quicker rate than inulin, For this reason the arterio-venous differences
of xylose concentration are more remarkable in the hypothermic and isothermic
limbs in comparison with similar observation in respect to inulin, recorded at 5
minutes. At this stage, the removal of these saccharides from the arterial blood
was greater in the hypothermic limb. In the later stage of experiment, however,
the removal of sugar became slower in the hypothermic limbs, and in some instances
there were additions to the venous blood instead of removal. The above obser-
vations suggest & quicker attainment of equilibrium in the hypothermic limbs,
when the concentration of saccharides was high in the arterial blood. This produced
higher extravascular concentration of xylose and inulin in.the hypothermic limbs.
Therefore, at the later stage of experiment the diffusion gradient in the hypothermic
limbs was more unfavourable for the saccharides to pass out of artery to the extra-
vascular space. These data corroborate similar observations with glucose (Sen
et al., 1957).

Altered capillary permeability produces changes in the concentration of
plasma proteins. Plasma and serum proteins always decreased in the hypothermic
animals. In the ten cases studied decrease in serum protein ranged from 3.7 to
17.7 per cent. Albumin, the plasma protein with lowest molecular weight,
decreased in every case, the percentage of decrease in albumin was greater than that
of total protein in all cases except in cases 1 and 8. In most cases the globulin
fraction also decreased to slight extent, but the percentage of decrease was consider-
ably lower than the albumin fraction of the blood plasma. This is consistent with
higher molecular weight of plasma globulins. It has been reported that in hypo-
thermia there is haemoconcentration, plasme volume being reduced to a greater
extent than the total blood volumes (Mukherjee ef al., 1957). So, even in cases
where albumin and globulin econcentration remained the same in normothermic and
hypothermic serum samples it meant some loss of albumin and globulin from the
serum. The decrease in total protein in all cases and decrease in a.lbumm/globuhn
ratio in 8 out of 10 experiments strongly suggest that an increase in permea.blhty
of blood vessels to serum proteins is responsible for serum protein depletion in
hypothermia.
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When relative change in concentration of individual globulin components
of blood during hypothermia was similarly assessed, the results were not so
consistent as to justify such sweeping generalisation as to indicate permeability
being the only reason for all changes in plasma proteins. So many homeostatic
mechanisms are at play during the induction of hypothermia, that their total
contribution may not be very insignificant at a particular moment. Cold stress
for instance, liberates cortical hormones in the circulation. Some components of
the plasma globulin may be electrophoretically altered by binding a part of the
cortical hormone (Sandberg, 1957). A thyroxine binding specific component is
also present in the globulin fraction (Robbin and Roll, 1957). This may form
a complex with the increased amount of thyroxine secreted during application
of cold. Slight change in the electrophoretic pattern may be due to addition of
tissue components and complex formation. The increase in albumin/globulin ratio
in cases Nos. 1 and 8 suggests that removal of globulin by mechanism, such as
deposition, may also be responsible for complicating the globulin picture.

Tasre I

Arterio-venous difference of intravenously injected xylose (0.5 gm./kg. body weight) in the
isothermic and hypothermic limbs of urethenised cats.

Minutes Gamma of Xylose/ml. of blood Arterio-venous differ-
Cat after ' ence in
No. injection
Artery Tsothermic Hypothermic Isothermic Hypother-
vein vein limb mie limb
1 5 min. 770(36°C) 720(36°C) 510(28°C) —50 —260
20 min. 390(36°C) = 330(36°C) 367(28°C) —60 — 23
2 5 min. 503(37°C) 431(37°C) 300(27°C) —72 —203
20 min. 266(37°C) 240(37°C) 200(27°C) —26 — 66
3 5 min. 740(38°C) 680(38°C) 599(28°C) —60 —142
20 min. 456(38°C) 399(38°C) 428(28°C) —57 — 28
Tasre I1

Arterio-venous difference of intravenously injected inulin in isothermic and hypothermic
limbs of wurethenised cats

Gamme of Inulin/ml. of blood

Arterio-venous differ-

Minutes Amount onee
Cat . after injected Artery Isother- Hypother- Isother- Hypother-
No. injection mic vein mic vein mic limb mic limb
1 5 min. 1 gm./kg. 251-36°C 225-36°C 183-27°C —26 — 68
50 min. -do- 121-36°C 103-36°C . 138-27°C —19 + 12
2 ' bmin, 1 gm./kg. 304-36°C 288-36°C 194-26°C —16 —100
50 min. -do- 116-36°C 105-36°C 121-26°C —~13 + 5
"3 5 min. 0.5 gm./kg. 182-35°C 141-35°C 103-27°C —41 -79
4 5 min. 0.6 gm./kg. 170-36°C 152-36°C 110-28°C —18 — 60
120 min., . ~do- 103-36°C  98-36°C 100-28°C - b - 3
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