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1/4 CuCN + 3/4 NaMCN durch Sandmeyer-Reaktion in o-
Nitrobenzonitril-(1{CN) iibergefiihrt. Durch Verseifen der
Nitrilgruppe und Reduktion der Nitrogruppe erhiilt man
Anthranilsdure-(1*COOH). Die spezifische Aktivitdt un-
seres Priaparates betrug 1,06 - 10? Ipm/mMol.

21,5 mg Anthranilsdure-(**COOH) wurden an 10 drei
Wochen alte bewurzelte Blatter iiber die Wurzel verfiit-
tert. Nach 10 Tagen wurde der Versuch abgebrochen und
das Pflanzenmaterial getrocknet. Trockengewicht der
Wurzeln 1,37 g und der Blitter 3,44 g. Die Wurzeln wur-
den nach Alkalisieren 3 h mit Chloroform:Isopropanol
(3:1) am Riickfluss erhitzt. Der Extrakt wurde eingeengt,
mehrfach mit 5%iger HCl ausgeschiittelt und das Alka-
loid nach Alkalisieren (pH 9) mit CH,Cl, extrahiert.
Chromatographisch konnte nur Peganin nachgewiesen
werden. Die quantitative Bestimmung nach GROGER und
Joune®ergab 16,6 mg Peganin. Zur eingeengten Methylen-
chloridlésung wurden 95 mg inaktives Peganin hinzu-
gegeben, und das Ganze wurde an einer Al Q,-Sdule
basisch «Woelm» chromatographiert. Eluiert wurde mit
Chloroform:Methanol (9:1). Die Peganin enthaltenden
Fraktionen wurden zur Trockne eingeengt und einer
Hochvakuumsublimation (10-2 Torr, 135°C) unterworfen.
Die erhaltenen 89 mg Peganin wurden nochmals mit
123 mg inaktivem Peganin verdiinnt. Zum Abbau wurden
210 mg (I1), welches eine konstante Radioaktivitit zeigte,
eingesetzt. Die Oxidation wurde in Anlehnung an SpPATH
und Nikawitz# durchgefiihrt.

Das Alkaloid wurde in 150 ml Aceton p.a. gelost. Zu
dieser Losung wurden in 4 Portionen insgesamt 430 mg

Spezifische Radioaktivitit des eingesetzien Peganins und der durch
Abbau erhaltenen Anthranilsiure

Substanz Spez. %
Aktivitat der Gesamt-
Ipm{mMol aktivitdt

Peganin 1,79 - 108 100

Anthranilsiure 1,78 - 108 99,2

ExreriENTIA XXI/1

KMnO, hinzugefiigt, das Ganze wurde 4 h geschiittelt.
Die entstandene 4-Oxo-3,4-dihydro-chinazolyl-3-essig-
saure (11I) haben wir extrahiert und nach Vertreiben des
Losungsmittels mit Diazomethan verestert (= (IV)). Das
Rohprodukt wurde mit 209 iger KOH 40 min bei 95°C
erhitzt. Nach dem Erkalten haben wir mit HCl neutrali-
siert und das Ganze mit Pufferlésung anf pH 3,5 einge-
stellt. Es wurde erschopfend mit Ather extrahiert, danach
das Losungsmittel stark eingeengt und die Anthranilsdure
anf DC-Platien gereinigt (Kieselgel G «Merck», ange-
rithrt mit 0,5%iger KOH; Losungsmittelsystem Chloro-
form :Methanol: Eisessig {85:13:2). Vom Adsorbens liess
sich (I} mit einer Mischung von Methanol: Aceton:Eis-
essig (8:2:1) eluieren. Das Eluat wurde zur Trockne ge-
bracht, der Riickstand mit Pufferlosung pH 3,5 auige-
nommen und mit Ather ausgeschiittelt. Der Atherriick-
stand ergab 45 mg Anthranilsdure, die mehrfach im
Hochvakuum sublimiert wurde. Smp. 144°C. Der
Mischschmelzpunkt zeigte keine Depression. Das IR-
Spektrum stimmte vollig mit einer authentischen Probe
iiberein. Alle Radioaktivitdtsmessungen erfolgten in un-
endlich diinner Schicht mittels des Methandurchfluss-
zdhlers der Firma Friesecke und Hopfner.

Swummary. Anthranilic acid-(*4COOH) was administered
to rooted leaves of Adhatoda vasica Nees. The isolated
alkaloid peganine = vasicine was degraded according to
the method of SrirH and Nixawirz (Figure). The an-
thranilic acid obtained showed the same specific radio-
activity as the alkaloid. Thereforc anthranilic acid must
be regarded as a direct precursor of peganine in 4. vasica
Nees.
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Pathway of Glucose Oxidation in Leucocytes
Incubated in Different Conditions

According to Beck! the respiration of polymorpho-
nuclear leucocytes incubated in phosphate medium is
mainly related to the phosphogluconate oxidation path-
way by means of a NADP+-NADPH shuttle between it
and the cytochrome chain. Experimental work carried out
in this laboratory demonstrated that the respiration of
resting polymorphonuclear leucocytes is very low and
sensitive to amytal, antimycin and cyanide when the cells
are incubated in phosphate medium and CO, is absorbed
in KOH; it is dramatically increased, and turns out to be
inhibited by amytal, but antimycin- and cyanide-insensi-
tive, when the incubation is performed in Ringer bicar-
bonate containing glucose®3. Since both bicarbonate and
glucose are needed for this oxidative switch to be pro-
duced, the Crabtree effect, which is clearly shown in

phosphate solution, no longer appears in the presence of
bicarbonate?.

This finding led to the hypothesis that in the presence
of bicarbonate-CO, the carboxylation of pyruvate to
malate, in cooperation with NADPH, would be allowed
by the continuous supply of pyruvate through glycolysis
not controlled by an efficient oxidative phosphorylation?
If this is so, an increased activity of the HMP pathway
must be expected in the presence of bicarbonate, through
regeneration of NADP*. Since malic-dehydrogenase
would ultimately transfer electrons to NAD, such car-
boxylative transhydrogenation could explain the oxida-
tive switch exhibited by leucocytes in the presence of
glucose and bicarbonate.

1W. S. BEcK, J. biol. Chem. 232, 251, 271 (1958).
2 M. Zar11 and F. Rossy, [tal. J. Biochem. 10, 19 (1961).
3 F. Rosst and M. Zarrr, Exp. Cell Res. 25, 182 (1961).
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Table 1. Oxygen uptake and CHO, production from glucose-1-C!¥ and glucose-6-C!4 of resting polymorphonuclear leucocytes incubated in
Ringer-phosphate, Ringer-phosphate with serum and Ringer bicarbonate solutions. About 30 million cells were incubated for 40 min at
38°C in 2.5 ml. The results are given as means 4 5.D. with the number of experiments in each group shown in parentheses

Krebs-Ringer
phosphate

Krebs-Ringer
phosphate with serum

Krebs-Ringer
bicarbonate

8.16 4 0.760 (17)
19.913 & 2.150 (17)

Oxygen consumed ul
CHQ, from glucose-1-CM »
{0.25 uc in 7 ymoles)
CHQ, from glucose-6-C'4 »
{0.25 uc in 7 ymoles)

1276 £ 195 (8)

18.40 1.480 (17}

+* 28,85 +£7.2 {17)
48.142 + 5,500 (17)
+

46,280 & 6.244 (17)
1,255

82 (8) 2,982 +- 286 (8)

s Total counts per 10 min per 30 million cells,

In this communication, experiments carried out meas-
uring the C10, production from glucose-1-C* and glu-
cose-6-C in phosphate and bicarbonate solutions are
presented. Since the addition of serum is also known
strongly to stimulate the oxygen uptake of resting poly-
morphonuclear leucocytes$, the experiments were ex-
tended to this condition.

In these experiments, the effect of amytal on the oxygen
uptake and on the decarboxylation of glucose through the
phosphogluconate oxidation pathway showed relevant
differences between leucocytes incubated in the different
-conditions employed.

Methods. Guinea-pig polymorphonuclear leucocytes ob-
tained by sterile peritoneal exudate (following injection
of 1%, NaCl) were used . The cells were sedimented at low
speed (400 g) for 10 min and resuspended in Krebs Ringer
phosphate, Krebs Ringer phosphate with 209% fresh
guinea-pig serum and Krebs Ringer bicarbonate solutions.
The solutions contained 2.9 gmoles per ml of unlabelled
glucose, taking into account that contained in serum.

In the experiments in which phosphate buffer was uscd,
the oxygen uptake was measured with the Warburg direct
method.

In the experiments in which leucocytes were incubated
in bicarbonate buffer, the respiration was measured with
the Warburg indirect method and calculations were made
with the corrections for CO, retention (by leucocyte sus-
pension and by amytal). In the experiments with labelled
substrates, C1Q, was absorbed on KOH, precipitated as
BaC!0, and counted at infinite thickness?8,

Labelled substrates were supplied from the Radio-
chemical Dentre, Amersham (England); Amytal (sodium
salt; pH checked and adjusted before using} from Lilly,
Indianapolis (USA).

Results and discussion, The data presented in Table I
demonstrate an increased activity of the hexose mono-
phosphate pathway for glucose oxidation, together with
an increase in respiration, obtained in the presence of
serum or bicarbonate, The CO, production from glucose-
6-C1* also appears to be increased by bicarbonate.

The effects of amytal on the yield of C1*O, from glucose-
1-CM and acetate-1-C* (Table 11) indicate that, while for
the latter a complete inhibition is shown, the decarboxyla-
tion of C-1 of glucose is only partially sensitive to the in-
hibitor in phosphate medium, and that its increased ac-
tivity (Table I) in serum-phosphate or bicarbonate solu-
tions is produced through quite different mechanisms of
reoxidation of NADPH. These differences are less pro-
nounced but clearly shown for the oxygen uptake in the
conditions employed.

It must be mentioned that the anaerobic production of
CHQ, from glucose-1-CH is in any case a small fraction
of that produced under aerobic conditions?®,

The fact that both the oxygen uptake and the activity
of the hexose monophosphate pathway of leucocytes in-
cubated in phosphate medium are low, and only in part
dependent upon an amytal-sensitive electron transport
system, indicates that the reoxidation of the reduced
coenzymes can diverge through two different paths, one
being amytal-inhibited and clearly stimulated by the
presence of bicarbonate, the other amytal-insensitive and
stimulated by the addition of serum, The effect of serum
is similar to that found in larger proportion during phago-
cytosis, when an amytal-insensitive stimulation of the
oxygen uptake and of the phosphogluconate oxidation
pathway takes place™!9 and NADPH can be directly re-
oxidized by granules whose oxidase activity is greatly en-
hanced %11, The effect of bicarbonate could be explained
by the above-mentioned hypothesis** which is consistent
with the present results, C1Q, fixation has been directly

Table 11, Percentage inhibition by 2+ 10-3 M Amytal on the oxygen
uptake and CHO, production from glucose-1-CH and acetate-1-CH of
resting polymorphonuclear leucoeytes incubated in Ringer-phos-
phate, Ringer-phosphate with serum and Ringer bicarbonate solu-
tions. The values are given as mean £ 8.1, from 8 experiments for

cach group
Krebs-Ringer  Krebs-Ringer  Krebs-Ringer
phosphate phosphate bicarbonate
with serumn

Oxygen uptake 62.8 4 15 45.83 + 11 76049
CHO, from 288 4+ 11 07.04 15 56.50 £+ 12
glucose-1-CH
CHO, from BG4 5 88.0 -+ 6.5 86.5 4+ 4

acetate-1-Cit

4 A, DeLAuNAY, J. Paces, and M, MauriN, Ann, Inst. Pasteur 72,
946 (1946).

8 v, Lismany, Carbohydrate Metabolism and Respiration in Leuco-
cytes from Normal and Diabetic Subjects (Universitetsforlaget I
Aarhus, Denmark 1962),

¢ M, Zattt and G, PERONA, Ital. J. Biochem. 6, 322 (1957).

? I, Rosst and M. Zatti, British J. exp. Pathol, in press.

8 1, Rosst and M. Zarri, Biochem. J. 87, 43 {1963),

* Unpublished results,

1 G, Y, N. Ives, M. F. Istan, and J. N, Quasrter, Nature 192, 535
{1961},

1, Rosst and M. ZatTi, Exper. 20, 21 (1064},
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demonstrated for leucocytes in lactate, and here exclu-
sively in the carboxyl group!??* which corresponds to a
fixation of CHO, via a C, + C; condensation followed by
equilibration of the activity of the carboxyl carbons via a
symmetrical dicarboxylic acid. Therefore, and in view
of the results presented in this communication, the effects
of bicarbonate in increasing the activity of the hexose
monophosphate pathway would suggest that pyruvate is
carboxylated to malate in cooperation with NADPH.
Malic dehydrogenase would then substitute NADH for
NADPH and the increase of oxygen uptake produced by
bicarbonate would be related to reoxidation of NADH
through an amytal-sensitive pathway. The relevance of
this pathway is demonstrated by the extent of inhibition
of the oxygen uptake and of the decarboxylation via the
phosphogluconate oxidation pathway found in bicarbon-
ate solution. This amytal-sensitive, i.e. probably flavo-
protein, step is not followed by an antimycin- and cya-
nide-inhibited respiratory chain?®3,

Recently, WarBURrG and his associates claimed that the
aerobic glycolysis of leucocytes and other normal tissues
should be considered as an artifact due to unsuitable
handling, in contrast to the true aerobic glycolysis which
would be peculiar to tumor cells!.

As previously shown in this laboratory? and confirmed
by others!5, when the procedure followed by WARBURG to
avoid damage to the white blood cells is used, the lenco-
cytes obtained are mostly lymphocytes, and aerobic gly-

The Distribution of some Enzymes Involved in
the Steroidogenesis of Hen’s Ovary

Evidence for the secretion of sex hormones by the
avian ovary has been given by Lavyne et al. -2, Proges-
terone and oestrogens {ocstrone, oestradiol-17f, oestriol)
have been identified in the ovarian extracts of the laying
hen by chromatographic mobility, 1V-spectrophoto-
metry and chemical reactions.

Efforts to identify the cell types in which steroido-
genesis takes place have not so far been successful. Only
recently 45-38-hydroxystercid dehvdrogenase (A4%-3f-
HSDH) has been demonstrated histochemically in the
granulosa and the theca interna of the growing odcytes,
atretic follicles and post-ovulation follicles of laying hens
(BorTE?). The presence of this enzyme merely indicates
the existence of one of the first steps of steroid bio-
synthesis. In fact, it is demonstrable in all types of steroid-
producing cells (adrenal, ovary, testis and placenta} and
is involved with 4%-3-ketoisomerase in the transforma-
tion of pregnenolone to progesterone (see WETTSTEIN?),
Recently AosHIMA et al.?, using a biochemical method,
have even demonstrated 45-38-HSDH in the bhver and
kidney of the rat.

In this communication, we report the distribution of
two enzymes of oestrogen metabolism in the ovary of
laying hens (common hen of Aversa): DPN- and TPN-
dependent 178-hydroxysteroid dehydrogenase (178-
HSDH). These enzymes catalyse dehydrogenation of
178-hydroxysteroids to 17-ketosteroids, and consequently
oestradiol-178 to oestrone. They have so far been demon-
strated biochemically in the human placenta (LANGER and
EnNGEL®, Tararay et al.?, HOLLANDER et al. 5, HAGERMAN

ExpeErRIENTIA XXI[1

colysis cannot be demonstrated with these cells, whilst it
is characteristic for polymorphonuclear leucocytes.

With respect to the present experiments, this is a point
of considerable interest, since the strong effect of bicar-
bonate on the aerobic metabolism, as far as the reductive
carboxylation of pyruvate is concerned, cannot be pro-
duced except in the presence of an active aerobic gly-
colysis?,

Riassunfo. L'entitd del consumo d’ossigeno e della pro-
duzione di C*0, da glucosio-1-CH e glucosio-6-Clt e 1a loro
differente sensibilitd all’amital nei leucociti polinucleati di
essudato incubati in diverse condizioni dimostrano I'esi-
stenza di pil sistemi di riossidazione dei coenzimi ridotti.

F. Rossi, M. Zart1, and G. Zoprl

Unit Centre ‘G. Vernoni’ for the Study of Physiopathology,
National Reseavch Council and Istituto di Patologia
Generale, Universita di Padova (Italy), July 13, 1964.

23, H. Evans and M. L. kKarvovsky, Fed. Proc. 19, 42 (1960).

3 . P. NoeLg, R, StjernuoLM, and L. LyunapanL, Biochim, bio-
phys. Acta 49, 593 (1961).

1 O, WarpUrG, K. Gawenln, and A, W. GerssLer, Z. Naturforsch.
13b, 515 (1958).

15 1, ¥, Sgrrz, personal comumnunication to Professor M. Avroisr.

and ViLrLee?), and in the liver of amphibia and fishes
(BREUER et al.}9), and histochemically in the human
placenta (KELLoG and GLENNER!, KLEINER et al.1?) and
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