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The studies were carried out by the Warburg technique and the ob-
tained results corrected af ter establishing by the method of C a s c a - 
r a n o et al. what part of the incubated slices participates in the re-
spiration. Most of the studied tissues f rom small animals showed 
higher metabolic rate than the homologous tissues derived f rom large 
animals, but the difference was less pronounced than that between 
basal metabolic rates. The estimated sum of tissue metabolism in 
young ra ts approached 100% of their basal metabolic rate, but in the 
case of adult rats this f igure amounted only to 70%>. These results 
indicate that the metabolism of tissues in vitro is markedly d i f ferent 
f rom their metabolism in vivo. In the author 's opinion the main 
reason for this discrepancy lies in the fast disappearance of the effect 
of central regulating systems (nervous and humoral) on the metabolic 
processes occurring in cells of the isolated tissues. 

I. INTRODUCTION 

The relationship between the basal metabolic rate of adult homoiothermic 
animals and their body size may be described by the empirically established 
equation: 

M = kW'4 (1) 

where M = basal metabolism rate, W = body weight in kilograms, k = proport ion-
ality coefficient representing the level of metabolism of a par t icular group of 
animals (K 1 e i b e r, 1947, 1961). 

When the basal metabolic rate is computed per unit of body weight, instead of 
the total weight of an animal, the described relationship will appear under the 
form of another equation: 

Ai = kW (2) 

where the meaning of symbols is the same as given above. 
This equation (2) indicates that the basal metabolic rate expressed per unit of 

body weight is higher in smaller animals. Since the metabolism of the whole 
animal is doubtless the sum of metabolism of its tissues, the course of 
metabolic processes in tissues in situ of smaller animals must be fas ter than in 
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larger ones. In studies on the tissue metabolism in vitro T e r r o i n e & R o c h e 
(1925) did not confirm this relationship. These authors claimed that homologous 
tissues of various animals respirate in vitro with equal intensity and their 
distinctness in vivo results f rom the regulating systems of the whole animal or-
ganism. G r a f e (1925) reported, moreover, that the tissue metabolism in vitro is 
more intensive than in vivo. More recent studies of arious authors (B e r t a 1 a n f -
f y & P i r o z y n s k i , 1951, 1953; B e r t a l a n f f y & E s t w i c k , 1953; C r a n-
d a 11 & S m i t h , 1952; K 1 e i b e r, 1941; K r e b s, 1950; S c h m i d t - N i e l s e n , 
1951) showed, however, that also in vitro some tissues isolated from small animals 
more intensive than in vivo. More recent studies of various authors (B e r t a 1 a n f -
respirate more intensively than those from large ones. This relationship is equally 
visible when comparing the metabolism of tissues from various animal species and 
from specimens differing in weight but belonging to the same species. Hence there is 
some similarity between the tissue metabolism in vitro and in vivo, although the 
parallel is not complete. The interdependence between the basal metabolic ra te 
and body size remained in a good agreement with equation (2) only in the case 
of the liver tissue ( K l e i b e r , 1941; K r e b s, 1950). With other tissues the slope 
of the curve illustrating this relationship is considerably smaller. As an example, 
in the muscle tissue the exponent in equation (2) amounts to — 0.1 instead of 
— 0.25 ( B e r t a l a n f f y & E s t w i c k , 1953). 

Results reported by various authors differ in the quantative respect, sometimes 
considerably. Due to these differences the summated tissue metabolism varied 
between 66% ( F i e l d et al., 1939) and 101% ( H u s t o n & M a r t i n , 1954) of the 
whole animal basal metabolism. Discrepancies in results obtained by various 
authors might he related to different methods of estimation, especially in respect 
of the composition of incubation medium and in the thickness of tissue slices. 
Similarly prepared slices of the same tissue consume various amounts of oxygen 
during the incubation in different media. The problem of selection of the proper 
incubation medium was studied by K r e b s (1950) and since that time his medium 
III is most commonly used because it is assumed that the intensity of oxygen 
uptake by tissue slices in these conditions is very close to the tissue respiration 
in situ. 

When the prepared slices are too thick oxygen cannot penetrate to their central 
parts due to the slowness of diffusion. Warburg proposed a formula allowing the 
calculation to be made of the maximum slice thickness when all the cells are still 
sufficiently provided with oxygen. The Warburg's formula and methods of its 
application are described in a manual of manometric techniques (U m b r e i t et al., 
1957). It is possible to calculate from this formula that if the gas phase in the 
Warburg flask contains pure oxygen the maximum thickness of slices may amount 
to 0.5 mm. Hence as a rule it is assumed that slices not thicker than 0.5 mm 
participate as a whole in the respiration. H u s t o n & M a r t i n (1954) observed, 
however, that slices placed in the Warburg flask on a special padding made of 
fiber glass utilized more oxygen than the alike slices studied by the standard 
technique. These authors explained the observed phenomenon by better penetra-
tion of oxygen in the modified method. This might mean that in the standard 
technique not all cells are provided with oxygen and participate in respiration. 
Thus a conclusion arises that computation of results on the total mass of studied 
slices may lead to quantitatively erroneus results. The possibility of corrcction of 
results is provided by a technique employed by C a s c a r a n o et al. (1959, 1961, 
1964). These authors found that tetrazolium salts, among which the best one is 
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denoted as INT (2-p-iodophenyl-3-p-nitrophenyl-5-phenyl tetrazolium chloride), 
penetrate the tissue and during incubation in the atmosphere of pure nitrogen are 
reduced during metabolic processes. The reduced products, formazans, are strongly 
coloured and hence easily detected under microscope in any par t of the studied 
slice. C a s c a r a n o et al. (1959, 1961, 1964) hold an opinion that the depth of 
penetration of tetrazolium salts into tissue slices in the described conditions cor-
responds to the depth of oxygen penetration. Althoug they do not supply the bio-
chemical or physical argumentation for this conclusion various facts confirm its 
correctness. The facts indicate that some factors influencing the oxygen penetra-
tion into tissues exert the identical effect on the depth of penetration of INT. By 
measuring the penetration of tetrazolium salts in the tissue it is possible, there-
fore, to estimate what part of the studied slices participate in the metabolism. 
Owing to this method more accurate results may be obtained. In the present 
study it was decided to utilize this technical refinement and reinvestigate the 
widely discussed problem of the dependance of tissue metabolism from the age 
and body size of animals. It was hoped that the corrected results will remove 
ambiguities associated with this problem. 

II. MATERIAL AND METHODS 

The experiments were carried out on male rats (Wistar) and rabbits 
(outbred). In each species the animals were divided into two groups 
differing in the age and body size. Table 1 gives a detailed number of 
animals in each group as well as their age and mean weight. 

Table 1. 
Number of animals in the experimental groups, their age 

and mean body weight. 

Group No. of animals Age days Body weight 
g mean + S.E. 

I young rats 10 6— 11 16.5 + 1.1 
II adult rats 34 35— 90 210.7 + 17.1 

III young rabbits 10 6— 15 127.2+13.6 
IV adult rabbits 10 240—300 2397.0±51.6 

The animals were reared in thermoneutral environment and fed ad 
libitum. They were killed by decapitation af ter stunning by a strong 
strike in the head. Before killing the animals were fasted (adults for 
24 hr and young for 12 hr) to observe the same conditions as during 
the measurement of the basal metabolic rate. Immediately af ter killing 
the liver, spleen, kidney, m. biceps femoris, heart and diaphragm were 
excised and placed in the Krebs III solution cooled to +4°C . The slices 
f rom the liver, spleen, kidney and heart were prepared f reehand by 
using two parallely set safety razor blades (the method of T e r r y & 
M a r t i n , af ter F i e l d , 1948). In principle it was at tempted to obtain 
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slices not thicker than 0.5 mm but in the case of adult rats some ma-
terial was cut more coarsely in order to determine the relationship be-
tween the oxygen consumption and slice thickness. 

From the prepared diaphragm some fat, connective tissue membranes 
and the central part were removed. The remaining part was sliced by 
cutting in parallel to the axis of muscle fibres in order to reduce their 
damage. The thickness of slices depended on the diaphragm thickness 
and on the average was equal to 0.37 mm in young rats, 0.74 mm in 
adult rats, 0.79 mm in young rabbits and 1.26 mm in adult rabbits. 

By using a scalpel and a needle small f ragments of tissue were pre-
pared f rom the m. biceps femoris. Their mean thickness amounted to 
0.71 mm in young rats, 1.52 mm in adult rats, 0.95 mm in young rabbits 
and 1.17 mm in adult rabbits. 

Table 2. 
Composition of incubation medium. 

1. 0.90% NaCl 95 parts 
2. 1.15% KC1 4 „ 
3. 1.22% CaCl2 3 „ 
4. 2.11% KH 2P0 4 1 
5. 3.84% MgS04 1 » 
6. 1.30% NaHC0 3 3 „ 
7. 0.10 M Na-phosphate buffer , pH 7.4 3 „ 
8. 0.16 M Na-pyruvate 4 „ 
9. 0.10 M Na-fumara te 7 „ 

10. 0.16 M Na-L-glutamate 4 „ 
11. 0.30 M glucose 5 „ 

All the operations associated with preparing of slices were carried out 
in a cold room at +5°C. The oxygen consumption was measured by the 
direct method (U m b r e i t et al., 1957) using the Warburg microrespiro-
meter (type V 85, B. Braun, Melsungen, German Federal Republic). The 
flasks of 13—17 ml of volume contained in the main compartment 2 ml 
of the incubation medium and in the central well 0.15 ml 10% KOH. 
The remaining space was filled with pure oxygen which was passed for 
5 min during 15 min thermal equilibration of the system. The time 
which elapsed f rom the moment of killing of the animal to the start of 
measurements did not exceed 30 to 40 min. The oxygen consumption 
within first hour of incubation was assumed as a basis of calculations. 
The wet weight of the tissue was determined immediately af ter incu-
bation by using a torsion balance while the dry mass was estimated on 
the analytical balance af ter drying the slices for 2.5 hr in 105°C. The 
incubation was carried out in the Krebs III medium at pH 7.4 and its 
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composition is given in Table 2. On the whole 534 measurements of the 
oxygen consumption by tissues were carried out. 

In parallel to determinations of oxygen uptake by tissues the depth 
of penetration of the tetrazolium salt (INT) was studied. The slices used 
for this purpose were 1 to 5 mm thick. The composition of the incu-
bation medium was slightly different than that given in Table 2. The 
concentration of NaCl solution was equal to 1.8% and components 8—11 
were completely lacking and replaced by 5 volumes of 0.5% INT solu-
tion. The gas phase consisted of nitrogen but apart f rom this fact the 
incubation was carried out under similar conditions as for the deter-
mination of oxygen consumption. After incubation the slices were im-
mersed into 10% formaldehyde, then embedded in 25% gelatin and cut 
into 20 ^ thick sections on a freezing microtome or on a cryostat. The 
depth of INT penetration was determined by means of a filar micro-
meter eye-piece af ter magnification 80 times. The mean value of INT 
penetration into particular tissues was computed from 40 estimations. 

III. RESULTS 

The oxygen consumption by slices of particular tissues was express-
ed in ml 0 2 /g f resh tissue/hr, or as Qo2, that is in mm3 /mg dry mass/hr. 
The following bases of calculations were adopted: 1. Total weight of the 

Table 3. 
Penetration of INT into the tissue slices, combined depth from both sides in mm. 

Organ J young 
rats 

JJ adult 
rats 

m young 
rabbiis 

adult 
rabbits 

Liver 
Spleen 
Kidney 
Muscle *) 
Heart 
Diaphragm 

0.323+0 016 
0.244+0.013 
0.514+0.024 
0.579+0.040 
0.336+0 029 
0.824+0.0:9, 

0.375+0.009 
0.403+0.018 
0.434+0.016 
0.997+0.033 
0.571 + 0.020 
0.564+0.017 

0.252+0.012 
0.213+0.010 
0.542+0.025 
0.624+0.032 
0 335+0.013 
0.452+0.034 

0.225+0.011 
0.423+0.050 
0.503+0.050 
0.952+0.067 
0.452+0.028 
0.798+0.042 

*) Muscle biceps femoris 

slice; 2. weight of this part of the slice which participated in the meta-
bolism as estimated f rom the Warburg formula; 3. weight of this part 
of the slice which participated in the metabolism as estimated from INT 
penetration. The depth of this salt penetration in individual tissues is 
given in Table 3. 

The ratio of Qo2 calculated on these three ways to the thickness of 
the liver slices from adult rats is presented in Fig. 1. When the total 
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weight or the weight corrected according to the Warburg formula were 
used as the basis for calculations the Qo2 value distinctly decreased with 
the increasing slice thickness (Fig. 1A & B). This relationship disappear-
ed af ter employing in the calculations the weight corrected according 
to the INT penetration (Fig. 1C). A similar phenomenon was also ob-
served with the liver tissue f rom other animal groups although it was 
not so striking since the variations in the slice thickness were less 
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marked than in the example presented in Fig. 1. The interdependence 
between the Qo2 value and slice thickness was found in the spleen in 
all the animal groups except young rabbits. In the case kidney of the 
oxygen consumption computed per total weight of the slice markedly 
decreased with increase of their thickness but this effect disappeared 
af ter application of the correction calculated f rom the Warburg formula. 
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The interdependence of Qo2 and the thickness of slices from the hear t 
muscle, m. biceps femoris, and diaphragm appeared only with extreme 
differences in the slice thickness, e. g. in the case of the diaphragm from 
adult rats and rabbits, and in the ra. biceps femoris of adult rats. 

The oxygen consumption by particular tissues of the studied animals 
is given in Table 4. Rows A in this Table contain the data calculated by 
the conventional method while the data of rows B are corrected accord-
ing to the depth of INT penetration. The corrected data are higher in 
all cases, except the diaphragm of young rats, with the differences sta-
tistically significant (P < 0.05), or even highly significant (P < 0.01). 
Only in cases of the rat kidney (group I and II), muscles of adult rats 
(group II), the heart muscle of adult rats and rabbits (group II and IV), 
and the diaphragm of young rats (group I), the differences are not 
significant. The variance of the Qo2 corrected results was in 34 cases 
(out of 48) smaller than the variance of results calculated by the con-
ventional method. 

The rate of oxygen utilization by individual tissues of the same 
animal often differed rather considerably. The lowest oxygen uptake 
was observed in slices of the ra. biceps femoris in all animals groups. 
The spleen, liver and kidney belonged to the most active tissues. This 
order of metabolic activity was not preserved in all groups of animals, 
and moreover it could change in relation to the applied method of cal-
culation, i. e. whether conventional or corrected results were used. The 
metabolic activity of the cardiac muscle and diaphragm was as a rule 
higher than that of the m. biceps femoris, but lower than of the re-
maining tissues. At the same time in most cases the oxygen consump-
tion by the heart slices was more intensive than by the diaphragm. The 
data obtained with the heart slices should be treated with an except-
ional care since the variance of results obtained for this tissue was so 
high that the calculated mean is not very reliable. 

The relationship between the tissue oxygen consumption and the 
animals size depends on the type of tissue. The Qo2 values obtained for 
the liver tissue and calculated by the standard method decreased with 
greater animal size. This was distinctly visible when the Qo2 values of 
the liver f rom small and large animals of the same species were com-
pared (differences highly significant). The comparison of the liver Qo2 

of adult rats and young rabbits, which showed rather similar body 
weight, was in spite of expectations highly significant. Also the cor-
rected results did not improve this dependence and even disturbed it 
fu r ther . In rabbits the difference between Qo2 of the liver f rom young 
or adult specimens is statistically not significant. 

The most regular reduction of the Qo2 value with the increased body 
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size was found for the spleen, both for the intra- and interspecies ob-
servations. At the same time the interdependence of Qo2 and body size 
was more apparent in the case of corrected values. A certain drop of 
the QO2 value with the increased body size of the animals was noted 
also for the m. biceps femoris, the heart muscle and the diaphragm but 
the change was rather irregular. The oxygen utilization by slices of the 
adult rat kidney was much higher than that of the young rats (P < 
u.Ol). The same trend was recorded for QO2 of the kidney f rom young 
and adult rabbits, but the difference was statistically not significant. 
On the other hand the differences between young rats and rabbits were 
highly significant (P < 0.01) with higher Qo2 values in the rat kidney 
slices. 

IV. DISCUSSION 

The reduction of tissue Qo2 observed with the increased slice thick-
ness even af ter correction of the results according to the Warburg 
formula (Fig. IB), confirms the conclusion drawn by C a s c a r a n o et 
al. (1959, 1961, 1964) that this formula does not suffice for an accurate 
estimation what part of the slice is engaged in the metabolism. The cor-
rection based on the penetration depth of tetrazolium salt (INT) cancels 
the relationship between the slice thickness and Qo2 value (Fig. 1C). 
This fact indicate that the described correction is very useful in meta-
bolic studies of the isolated tissues, and moreover, that results of many 
authors computed for the whole mass of 0.5 mm thick slices are too low, 
especially in the case of such tissues as the liver and spleen. The total 
depth of INT penetration (from both sides of the slice) was in the liver 
at most 0.375 mm (Table 3), hence at least XU of the 0.5 mm thick slice 
did not participate in the measured metabolism. Slightly better pene-
tration of INT was observed in the spleen slices and far bet ter in the 
kidney and the cardiac muscle. The deepest penetration of tetrazolium 
salt occurred in tissues showing the lowest metabolism. 

The depth of INT penetration into tissues was lower not only than 
the thickness of the prepared slices but also than the maximum thick-
ness calculated from the Warburg formula. Thus it is clear that in these 
cases the corrected Qo2 values significantly differed f rom the uncor-
rected ones. One might conclude that for tissue metabolic studies in 
vitro thinner slices, not exceeding 0.3 mm, should be prepared. How-
ever, the preparation of such a thin slices is technically difficult . More-
over, thin slices contain rather high percentage of damaged cells and 
many authors observed that the impairment of the normal cell s t ructure 
results in the reduction of tissue metabolic ra te ( G r e e n , 1938; K 1 e i-
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b e r et al., 1943). The cellular damage may explain low Qo2 values of 
several liver slices of 0.1—0.2 mm thick, as indicated by the position of 
some points in Fig. 1. Similarly low Qo2 values were recorded among 
the thinnest slices f rom other tissues, especially f rom the diaphragm 
and m. biceps femoris. It appears then that in the studies of tissue me-
tabolism in vitro slightly thicker slices (0.5—1 mm) are better, provid-
ing the correction based on the depth of INT penetration in control 
slices is applied. With such procedure the most credible data may be 
obtained. 

The QO2 values of the rat tissue slices obtained in the present study 
by the standard Warburg technique are similar to those obtained by 
H u s t o n & M a r t i n (1954) during incubation in the Krebs III solut-
ion and to those of B e r t a l a n f f y & P i r o z y n s k i (1951) with in-
cubation in the Krebs-Ringer solution. The comparison of the obtained 
results with those of other authors studying the metabolism of rat 
tissues in vitro is not possible because they employed incubation media 
markedly different in respect of the content of certain components. For 
the same reason it is impossible to compare the results obtained for the 
tissues of adult rabbits with those reported by K r e b s (1950). This 
author incubated rabbit tissues only in the Krebs II solution. As for the 
metabolism of young rabbit tissues no relevant data in the available 
l i terature were found. 

The comparison of the relationship between the tissue metabolic rate 
and body size of the studied animals with the relationship between the 
basal metabolism and body size is illustrated in Fig. 2. The part A of 
this Figure represents the intraspecies comparison of young and adult 
rats, part B — the interspecies comparison of adult rats and rabbits, 
while part C — the comparison of animals showing extreme differences 
in body size, i. e. young rats and adult rabbits. Since in the described 
experiments the basal metabolic rate was not measured, the infor-
mations on this ra te were adopted from the l i terature (K 1 e i b e r, 1961). 
According to these data, obtained f rom rather large material and by an 
accurate method, the basal metabolic rate of young rats (approximately 
16 g) amounts to 200 kcal/kg/day, that of adult rats (210 g) to 125 kcal/ 
kg/day, and adult rabbits (approximately 2400 g) 44 kcal/kg/day. 

The first columns in each part of Fig. 2 correspond to the basal 
metabolic ra te of large animals expressed as percentage of this rate in 
small animals. Fur ther columns show a similar comparison of the me-
tabolic rate of individual tissues, calculated by the conventional method 
and with the application of the above described correction. If the effect 
of the animal body size on the tissue metabolic rate is the same as the 
effect on the basal metabolic rate, all the columns in the given part of 
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the Figure should be equal. We can see, however, that the situation is 
different. The results obtained for young and adult rats, differing in 
body weight by approximately 13 times, are most compatible with the 
theoretical expectation. A decrease in the metabolic ra te with increas-

760-, 
N-1 1 M 

120  

100- 

80- 

60  

40- 
20-

i-2 

i ml 
160- 

740- 
120  

100- 

80- 

60- 

40- 
20-

100  

80- 

60  

40- 
20-

B 

i 
I y 

T H L R M C D 

Fig. 2. Metabolic rate of large animals and their tissues expressed as percent of 
metabolic rate small animals and their tissues. 

A — adult rat vs. baby rats, B — adult rabbit vs. adult rat, C — adult rabbit vs. 
young rat . T — total animals, H — liver, L — spleen, R — kidney, M — muscle 
(biceps femoris), C — heart, D — diaphragm. 1 — data calculated by conventional 

method, 2 — data corrected on the basis of penetration of INT. 

ing body size was in this case even more pronounced than a drop of the 
basal metabolism, especially when the corrected Qo2 values are con-
sidered. The kidney slices constituted the only exception in this rule 
QO2 of these slices derived f rom adult rats amounted to almost 140% 
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of QO2 values of the young rat kidney. The observed increase of the 
kidney slices Qo2 value during the rat ontogenesis is consistent with the 
results reported by B e r t a l a n f f y & P i r o z y n s k i (1951). 

The highest differences between the interdependence of the metabolic 
rate and body size, and of the basal metabolism and body size, were 
found af te r the comparison of the adult rats with adult rabbits (the 
difference in the body weight of approximately 11 times). The basal 
metabolism of adult rabbits constitutes only 32% of that of rats. The 
calculated conventional Qo2 values of the rabbit liver, spleen, kidney, 
m. biceps femoris and diaphragm constituted f rom 54 to 64% of the rat 
tissues Qo2 values. Qo2 of the rabbit cardiac muscle amounted to 175% 
of the corresponding figure for rats. The difference between the inter-
dependence of the metabolic rate and body size in the studies in vitro 
and in vivo is even higher when the corrected Qo2 values are adopted 
as a basis for the comparison. In the case of liver slices the employment 
of the corrected values leads to the reversal of the negative correlation 
between Qo2 and body size into the positive one. 

When comparing adult rabbits and young rats, i. e. animals showing 
extreme differences in body size (approximately 150 times), the relation-
ship between tissue Qo2 and body size is more similar to the inter-
dependence of the basal metabolism and body size than in the case of 
adult animals of these species. All the studied tissues derived f rom 
large animals consumed less oxygen than homologous tissues from small 
animals. The decrease of Qo2 resulting f rom the increased body size is, 
however, considerably smaller than the reduction of the basal metabolic 
rate. This lack of parallel between the relationship of basal metabolism 
and QO2 f rom one side and body size f rom the other exists equally with 
the employment of the conventional and corrected QO2 values. More-
over, the corrected Qo2 values for three tissues (liver, kidney, dia-
phragm) bring about the reduction in the similarity between the meta-
bolism in vitro and in vivo. 

On the basis of similarity between the tissue metabolism in vitro and 
the basal metabolism of intact animals W e y m o u t h et al. (1942), 
S c h m i d t - N i e l s e n (1951), and F u h r m a n et al. (1961) concluded 
that the metabolic rate of the animal organism and its characteristic 
dependence on the body size are conditioned by the inherited factors 
associated with cells alone. This idea was also supported, though less 
resolutely, by K r e b s (1950). Hence these authors, in the contrary to 
T e r r o i n e & R o c h e (1925) and G r a f e (1925), suggest that the 
tissue metabolism is independent from the central regulating systems 
of the animal organism. The reported by these authors similarity be-
tween the metabolism in vivo and in vitro, though quite considerable, 
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was far f rom total parallelism. More accurate measurements of oxygen 
consumption by application of the appropriate correction in calculations 
in vivo resulted in most cases in the reduction of these values. Thus it 
appears, that the existing differences cannot be explained by technical 
errors committed by previous authors during estimations in vitro. One 
should consider again the origin of both similarities and differences. In 
the process of evolution cells of various animal species certainly become 
adapted to such level of metabolism owing to which the course of me-
tabolic processes in the organism of small animals is faster than in 
larger ones. This fact may be responsible, for example, for some dif-
ferences in the enzymes concentration in tissues of the animals which 
differs in body size ( R o s e n t h a l & D r a b k i n , 1943; K u n k e 1 & 
C a m p b e l l , 1952; F r i e d & T r i p t o n , 1953). Such cellular factors 
as the concentration of enzymes may determine, however, not the basal 
metabolic rate but only certain range in which metabolic rate can 
change. This range extends f rom a certain minimum (basal metabolism) 
to the maximum accompanying an intense, brief physical effort . Rates 
of tissues metabolism in situ vary within this range in relation to actual 
conditions of the animal. The perception of changes in these conditions 
certainly occurs by specialized receptors and not by individual tissues. 
The information is transmitted to tissues by the central regulating 
systems: nervous and humoral. According to G r a f e (1925) the effect 
of these systems on the tissue metabolism in situ appears as an inhibi-
tion. However, there are premises indicating that in the case of the 
muscle tissue, the normal tonus of which depends on the constant flow 
of stimuli f rom the central nervous system, the discussed effect of the 
central regulating systems shows the effect of stimulation. The isolation 
of a tissue from the organism cuts it off from the regulating systems. 
A persisting partial similarity between the metabolism in vitro and in 
vivo may testify that in the surviving tissue, besides a certain con-
centration of enzymes and metabolites, the effect of the previously 
acting regulating systems is temporarily preserved. The force and the 
t 'me of action of this effect may undergo serious modifications. It is 
impossible to specify what fraction of the previous effect of the central 
regulators remains in the isolated tissue, since this may depend on the 
type of the effect. In the case of the muscle tissue, the action of which 
is regulated mainly by the nervous system by means of acetylcholine, 
which gets quickly decomposed, the effect of the central regulator may 
disappear almost immediately after isolation of a muscle. The effect of 
certain hormonal factors, e. g. thyroxine, may probably persist much 
longer. The isolation of a tissue from the organism may hence alter 
conditions required for the normal course of metabolic processes by at 
16 — Acta theriol. 
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least partial abolition of the stimulatory or inhibitory effect of the 
central regulating systems. Due to this fact the state of individual 
surviving tissues may considerably differ from their state in situ. It is 
then not surprising that the interdependence of the metabolic rate of 
isolated tissues and the body size differs from the relationship of the 
body size and basal metabolism. 

T e r r o i n e & R o c h e (1925) and G r a f e (1925) claimed that the 
homologous tissues of various animals show in vitro a similar intensity 
of respiration. As already mentioned the results of more recent publi-
cations did not confirm the validity of this conviction. Also Grafe's 
suppositions on the more intensive tissue metabolism in vitro were 
abandoned. The summated tissue metabolism in vitro was found to 
reach only 66 to 72.5% of the basal metabolism of studied animals 
( F i e l d et al. 1939; M a r t i n & F u h r m a n , 1941; F u h r m a n et al, 
1961). Only the results reported by H u s t o n & M a r t i n (1954) ob-
tained by a modified technique of measurements gave the sum of 
101.8%. The results of the present experiments, corrected according to 
the discussed principles, also contradict the conviction of T e r r o i n e 
& R o c h e (1925), that in vitro the tissue metabolic rate is identical in 
large and small animals. Since in the l i terature there are available some 
data on the weight of individual organs in the various size rats, it was 
possible to ver ify the second conviction of G r a f e (1925) on the more 
intensive tissue metabolism in vitro than in vivo. This examination was 
based on the calculations, the results of which are presented in Table 5. 
The weight of studied organs constituted 49.86% of the body weight 
in young rats and 50.75% in adult rats. In the case of young rats the 
summated tissue metabolism calculated from the uncorrected values 
expressed as ml 02 /g fresh tissue amounts to 57% of the young rat basal 
metabolic rate, hence 7% more than it is expected f rom the percentage 
share of these organs in the total weight of the animal. When the cor-
rected values were employed the obtained sum constituted as much as 
75.8% of the basal metabolism, i.e. 26% more than the share of weight 
of the studied organs in the total animal weight. Certainly these organs 
belong to the most active metabolically but the oxygen consumption by 
some other tissues not studied here is also rather intensive. The uncor-
rected values were reported as 1.08 for the intestinal tract and 1.39 
ml 0 2 /g fresh tissue/hr for the brain ( H u s t o n & M a r t i n , 1954), and 
1.15 for the lungs, 0.362 for skin and 0.145 ml 0 2 /g fresh tissue/hr for 
skeleton ( F i e l d et al. 1939). The summated tissue metabolism of these 
tissues constitutes 9.10% of the basal metabolism while their weight 
amounts to 32.46% of the rat weight. The total weight of the organs 
studied in the present experiments and by other authors approaches 
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82.32% of the young rat weight. The summated tissue metabolism f rom 
the present study calculated f rom the uncorrected data is equal to 57% 
of the basal metabolism. After adding 9.10% calculated from the data 
in the l i terature it amounts to 66.10%. However, when the same 9.10% 
are added to the sum based on the corrected values, as much as 84.90% 
of the basal metabolism is obtained. Since one can suppose that the data 
given in the l i terature should be increased af ter application of the 
correction based on the depth of INT penetration, the obtained sum 
would be certainly higher than 9.10% of the basal metabolism. Thus 
the summated metabolism of tissues constituting 82.32% of the body 
weight would exceed 84.90% of the basal metabolism. Including the 
metabolism of the remaining part of the organism (ca 18%), which 
contains the blood and adipose tissue, ra ther inert metabolically, we 
might obtain the sum not far f rom the basal metabolism. Hence in the 
case of young rats (approximately 16 g) a very good convergence of the 
summated tissue metabolism with the basal metabolism is obtained. In 
the light of the presented calculations the conclusion of G r a f e (1925) 
that the tissue metabolism in vitro is more intensive than in vivo cannot 
be upheld, especially when regarded as a general rule applicable to any 
tissue. On the other hand drawing the conclusion that the metabolic 
rate of individual tissues in situ is equal to their metabolism in vitro 
in the experiment carried out correctly is also premature. There exists 
a possibility that the muscle tissue to the lack of the tonical stimuli 
f rom the central nervous system consumes less oxygen in vitro than 
in situ, while the biochemical processes in the liver, less dependent on 
the nervous system and more on the concentration of metabolites, may 
run faster in vitro than in vivo. As a result we can obtain identical sum 
of metabolism in spite of the fact that the in vitro metabolic rate of 
some tissues is faster and other slower than that in vivo. 

The convergence of the summated tissue metabolism and the basal 
metabolism found in young rats did not appear in adult rats. The weight 
of the studied, metabolically most active, organs constituted in this case 
50.75% of the animal body weight while the summated tissue meta-
bolism based on the corrected data amounted to 47.49% of the basal 
metabolism. Af ter adding to this sum the values reported by other 
authors, for the tissues less active metabolically, the obtained figure 
reaches hardly 70% of the basal metabolism of adult rats. 
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Roman JUSIAK 

METABOLIZM TKANEK A WIEK I ROZMIARY CIAŁA SZCZURÓW 

I KRÓLIKÓW 

Streszczenie 

Celem badań, wykonanych techniką Warburga, przy użyciu środowiska Krebsa 
III (Tab. 2), było ustalenie zależności między metabolizmem tkanek in vitro od 
wieku i rozmiarów ciała szczurów i królików (Tab. 1) oraz porównanie jej z za-
leżnością między tempem przemiany podstawowej całych zwierząt a ich wiekjem 
i rozmiarami ciała. Zagadnienie to badano wielokrotnie lecz wyniki podawane 
przez poszczególnych autorów znacznie różniły się między sobą. Przyczyną różnic 
mogły być błędy popełniane przy badaniu metabolizmu tkanek standardową tech-
niką Warburga. Dane z nowszej literatury i uzyskane w niniejszej pracy (Rye. 1) 
świadczą bowiem, że przy tej technice tylko część masy badanych skrawków bie-
rze udział w metabolizmie, podczas gdy oznaczone pobieranie tlenu przelicza się 
na całą masę. W niniejszej pracy przyjęto za słuszny pogląd C a s c a r a n o i wsp., 
że użycie soli tetrazoliowej, zwanej w skrócie INT (chlorek 2-p-jodofenylo-3-p-
-nitrofenylo-5-fenylotetrazoliowy), pozwala oszacować jaka część skrawka tkanki 
bierze udział w metabolizmie (Tab. 3) i na tej podstawie skorygować otrzymane 
wyniki. 

Mimo przeprowadzonej korekcji wyników (Tab. 4), zależność tempa metabo-
lizmu izolowanych tkanek od rozmiarów ciała zwierząt (zarówno przy porówna-
niu wewnątrzgatunkowym, jak i międzygatunkowym) nie odzwierciedlała w pełni 
zależności tempa przemiany podstawowej zwierząt od ich rozmiaru ciała. Wpraw-
dzie metabolizm większości badanych tkanek ze zwierząt małych był intensywniej-
szy niż homologicznych tkanek ze zwierząt dużych, lecz nie o tyle, o ile różniła 
się przemiana podstawowa (Ryc. 2). 

Skorygowane wartości pobierania tlenu przez tkanki były z reguły wyższe od 
obliczonych w sposób standardowy (Tab. 4) i od podawanych w literaturze. Osza-
cowana suma metabolizmu tkanek badanych w niniejszej pracy (Tab. 5), po do-
daniu do niej, zaczerpniętych z literatury, wartości otrzymanych na pozostałych 
tkankach, wynosiła około 100% przemiany podstawowej szczurów młodych, lecz 
zaledwie około 70% tej przemiany w przypadku szczurów dorosłych. 

Otrzymane wyniki świadczą o tym, że metabolizm tkanek in vitro różni się 
znacznie od ich metabolizmu in vivo. Główną przyczyną tej różnicy, zdaniem auto-
ra, jest szybkie wygasanie wpływu centralnych systemów regulujących (nerwowe-
go i humoralnego) na procesy metaboliczne zachodzące w komórkach izolowanych 
tkanek. 


