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Abstract—The rate of respiration of liver from various species decreases with increase
in body weight so that the respiratory rate is approximately inversely proportional to the
logarithm of the body weight. The rate of respiration of human liver has been measured
in various media to give values that agree with this relationship.

EARLY workers reported that the respiration of animal tissues in vifro was approxi-
mately equal in different species.l- 2 However, Kleiber3 found that the rate of respira-
tion of liver slices from different species, in the presence of glucose, decreased with
increasing body weight. Krebs? considered that these differences may have been due
to variation in conditions of measuring oxygen uptake, and devised a saline-phosphate
medium (medium II type A,%) which also contained fumarate, glutamate and pyruvate.
Using this medium Krebs? found that the rate of respiration of tissues from larger
animals was lower than the corresponding values from smaller species. In this paper,
measurements of the rate of Oz uptake by rat and human liver slices in various media
show that the values for rat liver are comparable with results published in the
literature, and that the correlation between the rate of Oz uptake and body weight
is similar for man and the other animals studied.

METHODS

Specimens of human liver, removed when tissue was required for other investiga-
tions, were chilled and sliced by hand with a razor blade. Rat livers, treated in the
same way, were from adult Chester Beatty strain rats (wt. approx. 200 g). The rate
of Oz uptake was measured in standard Warburg vessels at 37°. Incubation media
were (1), Krebs—Ringer phosphate;® (2), Krebs medium II, type A which contains
pyruvate (4-9 mM), fumarate (54 mM) and glutamate (49 mM;* (3), Krebs-Ringer
phosphate containing succinate (20 mM). All media contained glucose (11-5 mM).

RESULTS AND DISCUSSION

All the human liver specimens examined in this work were taken from subjects
under anaesthesia but it is unlikely that the respiration rate was influenced by the
anaesthetic which, if present, would be largely washed out by the suspending medium.
The rate of Oz consumption was constant for 1 hr except in a few experiments in
Krebs medium II. In these cases the initial rate, which was always constant for at
least 0-5 hr, was used to calculate the rate of Oz uptake and the results are shown in
Table 1.
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The results show that the oxygen uptake was higher in rat liver than in human
liver in all the media used and that the difference was largest, when glucose was the
only added substrate. Under these conditions the ratio of the mean values for
the respiration of rat liver and human liver is 3-9 (9-0/2-3). This is similar to the
metabolic rate factor of rat to man (4-6) which has been determined by Drabkin.®
Drabkin (personal communication) found the oxygen consumption of isolated
perfused rat liver to be 0-1285 ml/g liver/min and the oxygen consumption of catheter-
ized human liver with portacavel shunts to be 0-0295 ml/g liver/min. The ratio of
these values Rat/Man is 4-36 which is close to the corresponding metabolic rate
factor. There is a correlation between metabolic rate and body weight in various
animals ranging from mice to cattle and including man. The decrease in the rate of
respiration of liver slices in vitro with increasing body weight is similar to that which
occurs in the metabolic rate of the living animal.3; 7

When the mean values for the rate of oxygen consumption by liver slices, measured
in medium II, 4 are plotted on a linear-logarithmic scale with the body weight (Fig. 1)
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FiG. 1. Relationship between rate of respiration of liver slices and body wt. in various species.

O: uptake measured in A —— A, Krebs-Ringer phosphate; @—@, Krebs medium II, type A.

The average body wt. of man is taken as 67 kg.1® References (a), Krebs4; (b), Kleiber?; (c), Kratzing!?
(body wts. taken from Krebs?); (d), this paper.

the values for animals examined by Krebs? and for man (this paper) are reasonably
close to a line drawn between those of the mouse and horse. A similar plot of published
values of oxygen uptake, with glucose as substrate, by liver of various species and
by rat and man (this paper) also shows a correlation between rate of respiration and
body weight. With both types of media the value for products of the rate of respiration
and the logarithm of the body weight are reasonably constant so that the respiratory
rate varies inversely with the logarithm of the body weight.

The decrease in metabolic rate which occurs with increase in body size may be
due to relatively fewer cells being present in the larger organs of heavier animals.
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With larger organs the space taken up by supporting connective tissue, blood vessels
and other noncellular material becomes larger.

The increase in Oz consumption which occurs on the addition of succinate has
been used as an indication of the activity of the cytochrome system. In the presence
of glucose the respiration of normal tissues is increased considerably by addition of
succinate but that of neoplastic tissues is not.8-11 However, Rosenthal and Drabkin!2
considered these comparisons should be made in the absence of glucose and found
that under these conditions the respiration of normal tissues such as liver, kidney
cortex, brain cortex and probably muscle was increased considerably on addition of
succinate, but that of gastric mucosa, lung, skin and tumours was not. Table 1 shows

TABLE 1. RESPIRATION OF HUMAN AND RAT LIVER IN VARIOUS MEDIA

O3z consumption

Incubation medium and substrate (ul/mg dry wt./hr)
Man Rat
Krebs-Ringer phosphate + glucose (11-5 mM) 23 403 9:0 + 0:9
Krebs Medium II + glucose (11-5 mM) 4+ pyruvate (4-9 mM) 4
fumarate (5-4 mM) + glutamate (4-9 mM) 63 +07 138416
Krebs-Ringer phosphate + glucose (11.5 mM) + succinate 20 mM) 249 4- 39 277 + 48

Liver slices (5-20 mg dry wt.) were incubated at 37° in 3 ml medium in Warburg vessels and the
rate of oxygen consumption recorded over a period of 1 hr. Results are expressed as the mean value
of six experiments 4 standard deviation.

that the rates of Oz consumption in the presence of succinate by liver of man (24-9)
and rat (27-7) are similar and consistent with other observations such as rates of
25-2 for mouse liver slices,10 and 27-4 rat liver homogenate,® suggesting that the rate
of succinate oxidation is independent of the size of the animal.

The respiration of human liver is less than that of human cancer tissue. Warburg
et al13 measured the respiration of eleven different human carcinomata and the
Qo, ranged from 2 to 8 with a mean value of 5-1. This value is twice that for human
liver and indicates that human malignant tissues have a higher respiration than most
normal tissues. Roskelley, Mayer, Norwitt and Salterl4 gave Qo, values for twenty-
one different human tumours which varied from 3-0 to 13-3 with a mean of 8-7.
This was higher than the corresponding values of normal tissues—skin (4-0), rectum
(4-2), thyroid (5-6), testicle (6:4) and prostate (6-5)—with the exception of kidney
(9-2). This means that the Warburg concept of a “cancer metabolism™ with defective
respiration does not apply to human tissues which is in contrast to smaller animals
such as chickens, rabbits, mice and rats where the respiration of the liver is greater
than that of tumour tissues.

The relatively small variation in the respiration of cancer tissues from animal
species of different body size may be considered as an example of dedifferentiation
of tumours. It may be analogous to the observations of Greensteinl® that the enzyme
activities of malignant tissues vary less than those of other tissues.

The metabolism of toxic substances by animals is to a large extent dependent upon
the activity of the liver, which inactivates foreign compounds mainly by oxidative
processes or processes which use energy derived from respiration. As the respiration
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of rat liver is approximately four times as great as that of human liver, and the liver
forms the same proportion of the body weight in both species, it follows that rats
should inactivate toxic substances by metabolism much more rapidly than men.
Many compounds are therefore likely to be more toxic to men than to rats when
given in a single dose (expressed in mg/kg). On the other hand, if the substance is
given as an ingredient of the diet, then the toxicity (e.g. expressed as ppm of diet)
will not be so different, because rats eat much more food (expressed in g/kg body
weight) than do men.
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