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Rf que le 21 monoacétate de 58-prégnane 17a,21-diol
3,11, 20-trione (V) dans les systémes toluéne/propanediol
et benzéne/formamide.

La Figure montre les étapes suivies pour l'identification
du stéroide isolé.

Propriétés physico-chimiques. Le composé isolé des
urines donne une réaction positive au bleu de tétrazolium
et au réactif de Porter et Silber, ne présente pas d’ab-
sorption & 254 my, et il n’est pas fluorescent en milieu
sodique a la lumiére de Wood et, aprés oxydation bis-
muthique ou chromique, il se transforme en un 17-céto-
stéroide.

Evaluation quantitative. En utilisant la micro-réaction
au bleu de tétrazolium, nous avons évalué a 150 pg®/y, la
quantité de dihydrocortisol présent dans 1'urine.

Discussion. On sait que le cortisol est converti dans
I'organisme essentiellement en dérivés tétra et hexahydro-
dérivés: 58-prégnane 3o, 118,17a,21-tétrol 20-one (tetra-
hydrocortisol) 5a-prégnane 3e,118,17a,21-tétrol 20-one
(allo-tétrahydrocortisol) ; 56-prégnane 3a,17«, 21-triol 11,
20-dione (tétrahydrocortisone); 58-prégnane 3,118, 17«,
20a, 21-pental (cortol) et ses isoméres en 5a et en 208;
58-prégnane 3a,17«,20q,21-tétrol 11-one (cortolone) et
son isomére 208%4. Parmi les composés mineurs qui
ont été isolés citons: le prégna 4-éne 118, 17a, 20a, 21-tétrol
3-one (composé epiE de Reichstein)?, le prégna 4-éne 118,
17,208, 21-tétrol 3-one (composé E de Reichstein)®, le
prégna 4-éne 17q«, 208, 21-triol 3,11-dione (composé U de
Reichstein) .

SCcHNEIDER® a également isolé des urines humaines le
58-prégnane 17«,21-diol 3,11,20-trione (dihydrocorti-
sone); tous ces métabolites sont des dihydrodérivés qui
résultent de la réduction soit du carbonile en C,q, soit de la
double liaison en C,_;; en revanche, le 58-prégnane 118,
17«, 21-triol 3, 20-dione (dihydrocortisol) n’a pas été iden-
tifié dans I’'urine humaine a notre connaissance.

En montrant que le corticostéroide que nous avons
isolé a dans six systémes différents les mémes Rf que le

Metabolism of the Normal Cardiovascular Wall.
1. Utilization of Glucose by Arteries and Veins

In order to establish the metabolic pattern of the
normal vascular wall, a series of studies are being under-
taken to determine the role, fate and relative significance
of the principal substances involved in the metabolic
process.

This communication presents the results of the first
group of experiments concerning the metabolism of glu-
cose and the qualitative as well as quantitative determi-
nations of its intermediate metabolites in normal arteries
and veins of the dog.

Matervials and Method. Uniformly C-labeled glucose
was obtained from the Radiochemical Centre, Amersham
(England). The radioactive material was diluted with
inert substrate to give a specific activity of 8 uc/mg.
Adult, male, mongrel dogs, weighing about 15 kg were
anaesthetised intraperitoneally with nembutal. The
popliteal and one of the colic arteries and their accompany-
ing veins were dissected out. Before removal of the vessels,
the adventitia was carefully stripped off, after which they
were split longitudinally into strips weighing about 50 mg
and placed into 0.6 ml of ice-chilled Krebs-Ringer phos-
phate medium at pH 7.4 in Warburg flasks. The glucose
concentration was 0.3%, and each flask contained 14 pc of
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dihydrocortisol, que son acétate a le méme Rf que 'acétate
de dihydrocortisol dans deux systémes différents, et
qu’aprés oxydation bismuthique ou chromique il se trans-
forme respectivement en 5f-androstane 118-ol 3,17-dione
et 5B-androstane 3,11,17-trione, nous avons apporté la
preuve que ce corticostéroide est le 58-prégnane 118,174,
21-triol 3, 20-dione.

Summary. 5p-pregnane 118, 17a, 21-triol 3, 20-dione (di-
hydrocortisol) has been isolated and identified in the urine
of patients with feminizing adrenal cortical cancer. This
steroid showed the same Rf as synthetic dihydrocortisol in
six different chromatographic systems. After acetylation,
its Rf was the same as that of 21 monoacetate of dihydro-
cortisol. After bismuthic or chromic oxydation, it had the
same chromatographic Rf as 58-androstane 11f-ol 3,17-
dione and 58-androstane 3,11,17-trione respectively.
After chromic oxydation of its acetate, the Rf was the
same as that of 21 monoacetate of cortisone.

J. R. PasguaLini and M. F. JAvLE

Laboraloive de Chimie biologique, Faculté de Médecine, Paris
(France), le 5 février 71962.

3 D. K. FukusHima, N. S. LEgEps, H. L. BrRaprLow, T. H. KRITCHER-
skY, M. B. Stokem et T. F. GALLAGHER, ]. biol. Chem. 2172, 449
(1955).

4 D. K. FukusHiMA, H. L. BRaprLow, L. HELLMAN, B. ZUMOFF et
T. F. GALLAGHER, J. biol. Chem. 235, 2246 (1960).

5 R. E. PETERsoN, C. E. Pigrce et B, Kuiman, Arch. Biochem,
Biophys. 70, 614 (1957).

6 R. E. PETERSON, J. B. WYNGAARDEN, S. L. GUERRA, B. B. BRODIE
et J. J. Bunin, J. clin. Invest. 34, 1779 (1955).

7 M. E. LomMBARDO et P. B. Hupson, J. biol. Chem. 229, 181 (1957).

8 J.J. SCHNEIDER, J. biol. Chem. 194, 337 (1952).

the radioactive substance. A small roll of filter paper
soaked with 0.5 ml of 309, NaOH was placed in the centre
well of each, and the flasks were then attached to the
manometers for an incubation period of 120 min at 37°C,
in oxygen.

Similar experiments were conducted under anaerobic
conditions, but in these the glucose was placed in the side-
arm of the Warburg flask and added to the medium only
after equilibration with nitrogen. The gas was passed over
heated copper wire to remove all traces of oxygen.

Radioactive CO, production was estimated after the
method of ViLLeE and Hastings!. The techniques used in
the preparation of the acqueous alcohol extracts for mono-
and bidimensional radio paperchromatography were
those described by BELOFF-CHAIN et al.2; and the quanti-
tative determinations were greatly facilitated with the
automatic scanning device designed by Frank?®. The
solvents used for the bidimensional chromatograms are
given in the Figure. Monodimensional chromatograms,

1 G. A. VILLEE and A. B. Hastings, J. biol. Chem. 179, 673 (1949).

2 A. BELoFF-CHAIN, R, CaTaNzZARO, E. B, CHamN, 1. Masi, F. Poc-
curari, and C. Rosst, Proc. Roy. Soc. B 143, 481 (1955).

3 M. FraNK, Selected Papers from the Istituto Superiore di Sanita 2,
75 (1959).
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hol extract of popliteal artery incubated with uniformly MC-labeled
nter-Traces of some Krebs evele intermediates are evident between the
v, fornie aecid, 15 ml water; | 80 ml phenol,
wmnnonia d = 0.410.)

Pab. 1. The fate of gliucose tn the popliteal artery of the dog
CO, Lactate Glveogen  Maltos Glutamate  Alanme Insoluble  Total Unconverted glucose Taotal
residue glucose MC 14C remaining in uptake
metabolized  tissue
1.4 4ol 55.6 4+ 3.2 2.0 4+ 0.6 2.7 4 U6 L4 07 I8+ 02 08 + 0 691 4+ 1.8 6.5 + 2.1 1156 -}- 3.6

Results are expressed as pg glucose converted per 50 mg of tissue (wet we
phosphate buffered medium pH7.1; glucose concentration 0,39, total
vatues of 16 expe

for the measurement of lactic acid and glucose, were
developed, respectively, in (a) 40 ml normal butanol,
11 ml acetic acid and 25 ml water; and (b) 30 ml tertiary
butanol, 4 g picric acid and 20 ml water.

To prevent loss of the lactic acid by evaporation, the
chromatograms were exposed to ammonia vapour, which
converts the free acid into ammonia salt.

After extraction of the tissues, all of the insoluble
residues were collected, and half of the total amount was
transferred to planchets and counted. The other half was
used for fat extractions (petroleum ether, b.p. 40-70°C)
and the residue from the evaporated petroleum cther was
transferred to a planchet and counted.

Results. Under the experimental conditions described,
the pattern of glucose metabolism in the popliteal artery
can be seen from the Figure, and the relevant quantitative
estimations are shown in Table [. The principal meta-
bolites formed were lactate, glycogen and oligosaccharides,
glutamate, alanine, CO, and traces of the tricarboxylic
acid cycle. The mean oxygen consumption was 0.14
-+ 0.01 ml/mg of tissue wet weight/h. The presence or
absence of glucose in the media revealed no noticeable
difference in the oxygen uptake.

The quantitative data given in Table 1 show that the
popliteal artery has a high glycolytic activity. In fact,
some 809, of the glucose metabolized was accounted for

ight) after 120 min incubation at 37°C in Oy in 0.6 ml of Krebs-Ringer
radioactivity of uniformly MC-labeled glucose, 11 pe per flask; mean
ritnents S0 B

as lactate, as reported also by other investigators®5. In
our experiments, this value includes the lactic acid in both
the medium and the extract, found in a proportion of 10: 1.
The artery is known to store relatively large amounts of
glycogen®. Our studies reveal a considerable formation,
about 8°,, of glycogen and maltose. As far as glycolytic
activity is concerned, the arterial wall is similar to striated
muscle ?, although the normal utilization of glucose in the
latter is three or more times higher. However, the for-
mation of amino acids from glucose varies greatly in the
two types of tissue. Whereas in striated muscle only traces
of amino acids have been found to be formed?, the present
investigation reveals that the arterial wall converts about
109, of the radioactive glucose into amino acids (glut-
amate 6.3%; and alanine 2.69%,). In this respect, the artery
approximates more closely the results found in brain?8.

I KD Kirgk, PGl ErFersor, and K. J. IvERseN, Gerontol, 9, 10
(1un t).

3V, PantEsco, J. Viaup, R, Fontaing, and P. Manper, C. R, Soc.
Biol. 151, 1584 (1057).

§ H. St'puor, Pfliiger’s Arch. ges. Physiol. 252, b1 (1950).

7 A. Berorr-Cuain, R. Catanzaro, E. B. Caain, 1. Mast, and b
Poccuiarg, Proe. Roy. Soc. B 744, 22 (1955).

8 12, B. Cuan, Listratto dai Rendiconti dell’Istituto Superiore di
Sanita 23, 1307 (1960},
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The formation of CO, from radioactive glucose repre-
sents only 2% of the total glucose metabolized, and its
relative specific activity is low in comparison to that
found in other tissues studied %19,

The total glucose metabolized, calculated as the sum of
all the fractions measured, was about 49,. Total uptake,
i.e., glucose metabolized plus glucose unchanged in the
tissue, was 6.4%,. The composition of the radioactive
content of the insoluble residues collected was determined
and was found, in small part, to consist of lipides. Exact
quantitative estimation of these fats is presently being
done.

Under anaerobic conditions, the only measurable meta-
bolite formed from glucose in the popliteal artery was
lactic acid, as has also been demonstrated in striated
muscle!!. The mean value of lactic acid production in
8 experiments was 64.7 4+ 10.6 mg/50 mg of tissue (wet
weight). Comparison between aerobic and anaerobic
glycolysis (Table 1I) shows an apparent increase under
anaerobic conditions, which has also "been reported by
Kirk 4. Statistical analysis of our results shows this differ-
ence not to be significant, indicating apparent absence of
the Pasteur effect in this tissue.

The qualitative pattern of C-labeled glucose in the
popliteal vein and in the colic artery and vein was similar
to that found in the popliteal artery. The quantitative
values of the intermediate metabolites, however, varied
considerably, both between the arteries and their cor-
responding veins and between the abdominal and the
limb vessels. The metabolic activity of the popliteal vein
was less than half, and often only 209, of that found in
the corresponding artery. This applies mainly to the CO,
and lactic acid production, as the other metabolites were
present in amounts considered too small for accurate
estimation. In the colic arteries, glucose metabolism was
observed to be some 209, higher than in the popliteal
arteries, and this held true for all the intermediate metabo-
lites mentioned in Table I. In the colic vein, results in-
dicate a metabolic activity about 409, lower than in the
corresponding artery, considerably less of a difference
than that observed between the popliteal artery and vein.

Tab. II. Comparison of lactate production under aerobic and an-
aerobic conditions

0, N,

55.4 £+ 5.9 64.7 4 10.6=

a. Difference not statistically significant. Results expressed as pg
glucose converted per 50 mg of tissue (wet weight).

Metabolism of the Normal Cardiovascular Wall.
2. The Pentose Phosphate Pathway

The breakdown of glucose in animal tissue is achieved
mainly through the Embden-Meyerhof (glycolytic)
scheme. Alternative routes of carbohydrate degradation,
however, are known to exist in plants and in some micro-
organisms; but the actual presence and the role and
significance of these routes in animal tissues have only
recently been submitted to investigation.

The pentose phosphate pathway appears to be the most
important of these lesser-known metabolic routes, with
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The disparity in the utilization and metabolism of
glucose between the arteries and veins studied can be
attributed to the difference in their histological structure,
particularly as regards the larger proportion of smooth
muscle fibres present in the artery. The reasons for the
quantitative difference between the abdominal and limb
vessels, however, is not immediately apparent. Their
diversity in histological composition alone could not
account for it, so we probably have to look to their dis-
similarity in function and anatomic location for an ex-
planation. The possibility should be kept in mind, how-
ever, that this difference might be less marked under
normal conditions. A general anaesthetic, irrelevant of
the agent, does produce a marked peripheral vasodilatation
and a corresponding central vasoconstriction12-14,

Riassunto. 11 destino del glucosio generalmente mercato
MC in diverse arterie e vene del cane é stato studiato con
I'uso di una tecnica quantitativa di radiocromatografia su
carta.

I risultati non solo mostrano che nella parete arteriosa
ha Iuogo una notevole glicolisi aerobica ed anaerobica, ma
anche chiaramente indicano che una percentnale relativa-
mente alta di glucosio viene trasformata in amino acidi
(probabilmente attraverso il ciclo degli tricarbossilici) ed
in grassi.

Quantitativamente & stato osservato che il tessuto arte-
rioso utilizza maggiore quantita di glucosio di quello
venoso e che tale differenza ¢ tanto maggiore quanto piu i
vasi sono periferici.

P. BEACONSFIELD '8

Istituto Superiore di Sawita, Roma (Italy), February 28,
7962

% P. BEACONSFIELD, in press.

10 E. B. Caain, M. M. Conkn, and F. PoccHIARI, personal communi-
cation and in press.

1t A, BeLorr-Cuarn, R. Caranzaro, E. B. CHAIN, L. LONGINOTTI,
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Istituto Superiore di Sanita 2, 139 (1959).
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(1955).

13 R. SHACKMAN, G. I. GRABER, and D. G. MELRoOSE, Clin, Sci. 12, 307
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¢ The author wishes to thank Dr. W. ReapInG of the Royal College
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the extent of its utilization varying in different tissues!-%.
It does not play a part in glucose metabolism in striated
muscle under normal physiological conditions, whereas it

1 G. E. Grock and P. MACLEAN, Biochem. J. 56, 171 (1954).
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