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DURING a recent investigation! into an alleged vitamin A-aneurine syner-
gism? it was necessary to determine the blood a-keto-acid (pyruvate and
a-ketoglutarate) levels in rats, It is not easy to obtain true resting values
because the slightest degree of struggling of the animal results in a
considerable increase in these acids.®¢ To overcome this difficulty cord
resection® and light barbiturate an®sthesia® have been recommended.
The latter procedure appeared most suitable for our purpose, but before
it was adopted the effect of the barbiturate to be used (pentobarbitone,
nembutal) on blood keto-acid levels was investigated in detail. It was
found that an®sthesia is accompanied by a considerable decrease in these
blood constituents.

EXPERIMENTAL

Animals. (a) Rats. Adult rats (about 250 g.), previously deprived
of food for 18 hr., were injected intraperitoneally with 0-1 ml. of a solution
of pentobarbitone containing 1 grain (65 mg.) in 1 ml and held firmly
to prevent struggling until anzsthesia was complete. Blood samples
were drawn at appropriate times by opening up the thorax, cutting the
aorta, and allowing the blood to flow into a small (10 ml.) beaker which
had been previously moistened with citrate; this anti-coagulant is recom-
mended because it tends to stabilise the keto-acids.” As soon as possible
after drawing, aliquots of the blood were delivered into a known volume
of trichloracetic acid and the pyruvate and a-ketoglutarate levels deter-
mined by a modification® of the Friedemann-Haugen method.®

(b) Rabbits. Adult rabbits (about 2-5 kg.), previously deprived of
food for 18 hr., were injected intraperitoneally with 1-2 ml. of the solution
of pentobarbitone and blood samples drawn at the appropriate time from
a marginal ear vein. The blood keto-acid levels were examined in the
manner just referred to.!

RESULTS

(a) Rats. Figure 1 records the results obtained in an experiment
involving 5 rats. As 2 ml. of blood is required for a duplicate determina-
tion of keto-acids, one animal has to be sacrificed for each determination;
it is thus not possible to follow the change in levels in a single animal during
narcosis ; animals were therefore killed at various times after injection of the
anzsthetic and the values obtained plotted on the curve reproduced in
Figure 1. The resting levels were taken as those obtained as soon as
anzsthesia was sufficiently advanced to allow the body wall to be opened ;
this was generally within 2 to 3 minutes of injection. The assumption
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that this gives a true picture of the resting values 9-14 pg./ml. (S.D. +
2-31) for pyruvate and 5-76 pg./ml. (S.D. + 2-70) for a-ketoglutarate is
justified because these mean values, obtained on 20 rats drawn at
random from a stock colony, approximate very closely to the values
reported by other workers®1® using different methods for obtaining a
basal value.

It will be seen from Figure 1
that there is a steady fall in
pyruvate levels until, 60 minutes
after injection, there is almost
no pyruvate in the blood. The
a-keto-glutarate follows the
same pathway; the slight in-
crease noted 22 minutes after
injection cannot be considered
significant, when the normal
variations (S.D. + 2-70) are
taken into account together
with the fact that the accuracy
of the determination of this
keto-acid is less than that of
pyruvate.

(b) Rabbits. The results
obtained for the pyruvate levels
of rabbits during anasthesia are
recorded in Figure 2. In this
experiment the change in levels

Time in minutes after pentobarbitone injection. could be followed in the same

Fic. 1. The fall in the blood pyruvate and animal, and it will be ?een thé.lt
a-keto-glutarate levels of rats after intraperi- the same general picture is
toneal injection of pentobarbitone (0-1 ml.). obtained as with rats. The fall

Pyruvate levels. in pyruvate levels continues for
_____ «-Ketoglutarate levels. 60 to 75 minutes after narcoti-
sation, and 2 hr. afterwards
the normal levels had not been restored, although the rabbits were
recovering from the anzsthetic. It should be pointed out that the base-
line levels for the rabbits were obtained before injecting the barbiturate ;
the values are somewhat higher than those previously recorded,? but in
the present experiments no particular efforts were made to prevent the
rabbits from struggling. The changes in the a-keto-glutaric levels of the
rabbits are not recorded here, but, as in rats, they showed the same
general downward tendency.

One experiment was carried out in which a rabbit was first injected with
pentobarbitone and immediately afterwards with adrenaline (1 ml. of
1 in 500), which is known to raise blood keto-acid levels considerably.!-!?
30 minutes later the blood levels of both pyruvate and o-keto-glutarate
were about 75 per cent. above their original values; this was in spite of
the fact that the animal was deeply anzsthetised.
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DiscussioN

The results presented show quite clearly for the first time that blood
pyruvate and a-keto-glutarate levels of rats and rabbits fall rapidly during
anasthesia produced by a typical barbiturate. This is the reverse of the
effect observed in the case of blood lactate levels which have been found
to rise on the administration of hexobarbitone!® and thiopentone.l
Until much more is known
concerning the mode of action
of barbiturates in tissues other 18
than brain, especially on carbo-
hydrate metabolism, neither the
importance nor the significance
of this drop in keto-acids can
be fully assessed. It does seem,
however, that as (@) levels are
still normal immediately after
narcotisation is complete and
(b) anasthesia can continue
although the levels are above
normal (as after the simulta-
neous administration of the
narcotic and adrenaline), the
fall in blood keto-acid levels is

Blood pyruvate levels (ug./ml.)
=y
T

not directly concerned with 2r
either the onset or the mainten- 1 | ! AL
ance of anasthesia. 30 60 90 120

The drop in pyruvate levels Time in minutes after pentobarbitone injection.

during narcosis may be caused Fig. 2. The fall in the blood pyruvate levels
by the existence of a sub-basal of rabbits after intraperitoneal injection of

metabolic condition rather than ls)::ttsogaé%gggt(;irg]‘?‘ Each curve repre-
bydirectinhibition of glycolysis;

the concomitant increase in lactate levels is probably due to inhibition of
respiration, the smaller amount of pyruvate formed being reduced to
lactate under the increased degree of anerobiosis prevailing, instead of
being oxidised aerobically to carbon dioxide and water.

It may be presumed that the reduced levels of a-keto-glutarate in the
blood are also caused by the lowered rate of carbohydrate catabolism
which must accompany the general functional depression caused by the
barbiturate.

SUMMARY

1. The blood pyruvate and o-keto-glutarate levels of rats and rabbits
fall rapidly during pentobarbitone-induced anzsthesia.

2. The fall can be counteracted by the simultaneous injection of adren-
aline.

Our thanks are due to Prof. R. A. Morton, F.R.S., for his interest in
this work, and to the Medical Research Council for a personal grant to
one of us (G. R. W.) and for a grant towards laboratory expenses.

199



WORXNANR LN

T. W. GOODWIN AND G. R. WILLIAMS

REFERENCES

Goodwin and Williams, Biochem. J. (in the press), 1951,
von Euler and Hogberg, Hoppe-Seyl. Z., 1940, 263, 49.
Johnson and Edwards, J. biol. Chem., 1937, 118, 427.
Asmussen, Acta physiol. scand., 1950, 20, 125,

Stotz and Bessey, J. biol. Chem., 1942, 143, 625.

Handler, ibid., 1945, 161, 53.

Long, Biochem. J., 1944, 38, 447.

Friedemann and Haugen, J. biol. Chem., 1943, 147, 415.
Lu, Biochem. J., 1939, 33, 774. '

Shimezu, Igaku to Seibutzugaku (Med. and Biol.), 1951, 18, 127.
Flock, Bollman and Mann, J. biol. Chem., 1938, 125, 49,
Schreier, Z. Kinderheilk., 1949, 66, 415.

Winkler and Hebeler, Z. Geburtsch. Gynak., 1939, 118, 240.
Barker, French and Morland, J. Pharmacol., 1949, 96, 145.

200



