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1/4 CuCN + 3/4 Nal*CN durch Sandmeyer-Reaktion in o- 
Nitrobenzonitril-(l~CN) fibergeffihrt. Dutch Verseifen der 
Nitrilgruppe und Reduktion der Nitrogruppe erh~lt man 
AnthranilsRure-(14COOH). Die spezifische Aktivit/ i t  un- 
seres Priiparates betrug 1,06 • 10~ Ipm/mMol. 

21,5 mg AnthranilsAure-(l*COOH) wurden an 10 drei 
~,Vochen alte bewurzelte Bl~itter fiber die Wurzel verffit- 
tert. Nach i0 Tagen wurde der Versuch abgebrochen und 
das Pflanzenmaterial  getrocknet. Trockengewicht der 
~A;urzeln 1,37 g und der BlOtter 3,44 g. Die VVurzeln wur- 
den nach Atkalisieren 3 h mit  Chloroform:Isopropanol 
(3 : 1) am Riickfluss erhitzt. Der Ex t rak t  wurde eingeengt, 
mehrfach mit  5%iger HCI ausgeschiittelt und das Alka- 
loid nach Alkalisieren (pH 9) mit  CH2C1 ~ extrahiert.  
Chromatographisch konnte nut  Peganin nachgewiesen 
werden. Die quant i ta t ive  Best immung naeh GR6GER nnd 
JOiiNE 8 ergab 16,6 Ing Peganin. Zur eingeengten Methylen- 
chloridl/Ssung wurden 95 mg inaktives Peganin hinzu- 
gegeben, und das Ganze wurde an einer A120~-S~ule 
basisch <~Aroelm~ chromatographiert.  Eluiert  wurde mit  
Chloroform: Methanol (9: 1). Die Peganin enthaltenden 
Fraktionen wurden zur Trockne eingeengt und einer 
Hochvakuumsublimation (10 -~ Torr, 135°C) unterworfen. 
Die erhaltenen 89 mg Peganin wurden nochmals mit  
123 mg inaktivem Peganin verdiinnt. Zum Abbau wurden 
210 mg (I I), welches eine konstante Radio akt ivi tgt  zeigte, 
eingesetzt. Die Oxidation wurde in Anlehnung an SPXTH 
und NIKAWlTZ a durchgeffihrt. 

Das Alkaloid wurde in 150 ml Aceton p.a. ge]/Sst. Zu 
dieser LOsung wurden in 4 Portionen insgesamt 430 mg 

KMnO 4 hinzugeftigt, das Ganze wurde 4 h geschfittelt. 
Die entstandene 4-Oxo-3,4-dihydro-chinazolyl-3-essig- 
s~ure (III) haben wit extrahiert  und nach Vertreiben des 
LSsungsmittels mit  Diazomethan verestert  (= (IV)), Das 
Rohprodukt  wurde mit  20%iger KOH 40 rain bei 95°C 
erhitzt. Nach dem Erkalten haben wir mit HC1 neutrali- 
siert und das Ganze mit  PufferlSsung auf pH  3,5 einge- 
stellt. Es wurde ersch6pfend rnit )kther extrahiert,  danach 
das L6sungsmittel stark eingeengt und die Anthranils~ure 
auf DC-Plat ten gereinigt (Kieselgel G (~Merck~>, ange- 
riihrt  mit  0,5%iger K O H ;  LSsungsmittelsystem Chloro- 
form : Methanol : Eisessig (85:13 : 2). Vom Adsorbens liess 
sich (t) mit  einer Mischung yon Methanol:Aceton :Eis- 
essig (8:2:1) eluieren. Das Eluat  wurde zur Trockne ge- 
bracht, der Rfickstand mit  PufferISsung pH 3,5 aufge- 
nommen und mit  ~ ther  ausgeschtittelt. Der Atherriick- 
stand ergab 45 mg Anthranils~ure, die mehrfach im 
Hochvakuum sublimiert wurde. Snap. 144 °C. Der 
Mischschmelzpunkt zeigte keine Depression. Das IR-  
Spektrum stimmte vSllig mit  einer authentischen Probe 
tiberein. Alle Radioaktivitittsmessungen erfolgten in un- 
endlich dfinner Schicht mittels des Methandurchfiuss- 
z~Lhlers der Firma Friesecke and H6pfner. 

Summary. Anthranilic acid-(14COOH) was administered 
to rooted leaves of Adhatoda vasica Nees. The isolated 
alkaloid peganine ~= vasicine was degraded according to 
the method of SPXTH and NIKAWlTZ (Figure). The an- 
thranilic acid obtained showed the same specific radio- 
act ivi ty as the alkaloid, Therefore anthranilic acid must 
be regarded as a direct precursor of peganine in ,4. vasica 
Nees. 

Spezifische Radioaktivitfit des eingesetzten Peganins und der durch 
Abbau erhaltenen Anthranils~iure D. GR6GER, S. JO!aNE 

und K. MOTHES 

Substaaz Spez. % 
Aktivitiit der Gesamt- 
IpmlmMol aktivitat 

Deutsche Ahademie der Wissensvha]ten, Institut [iir 
Biochemie der Pflanzen, Halle (Saale, DDR), 
11. September t964. 

Peganih 1,79.10 ~ I00 
Anthranils~ure 1,78 • 10 ~ 99,2 

6 D. GR6GER und S. JOHNE, Fcstschrift K. MOrHES, im Druck. 

Pathway of Glucose Oxidation in Leucocytes 
Incubated in Different Conditions 

According to BECK 1" the respiration of potymorpho- 
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 tha t  the respirat ion of 
resting polymorphonuclear leucocytes is very tow and 
sensitive to amytal,  antimycin and cyanide when the ceils 
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 ~,s. 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 2. 

This finding led to the hypothesis tha t  in the presence 
of bicarbonate-COz the carboxylation of pyruvate  to 
matate, in cooperation with NADPH,  would be allowed 
by the continuous supply of pyruvate  through glycolysis 
not  controlled by an efficient oxidative phosphorylation 2. 
If this is so, an increased act ivi ty of the HMP pathway 
must  be expected in the presence of bicarbonate, through 
regeneration of N A D P  +. Since malic-dehydrogenase 
would ul t imately transfer electrons to NAD +, such car- 
boxylat ive transhydrogenation could explain the oxida- 
t ive switch exhibited by leucocytes in the presence of 
glucose and bicarbonate. 

1 W. S. BECK, jr biol. Chem. 23Z, 251, 271 (1058). 
M. ZATTT and F. Rossl, Ital. 2. Biochem. 10, 10 (1961). 
F. Rossx and M. ZATT~, Exp. Cell Res. 25, 18~ (1061). 
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Table I. Oxygen uptake and CuOt production from glucose-l-C 14 and glueose-6.C 14 of resting polymorphonuclear leucocytes incubated in 
Ringer-phosphate, Ringer-phosphate with serum and Ringer bicarbonate solutions. About 30 million cells were incubated for 40 mia at 

38°C in `2.5 mL The results are given as means .4- S.D. with the number of experiments in each group shown in parentheses 

Krebs-Ringer Krebs-Ringer Krebs- Ringer 
phosphate phosphate with serum bicarbonate 

Oxygen consumed/d 8.16 + 0.760 (17) 16.40 4- 1,,180 (17) 28.65 -4- 7.'2 (17) 
cues from glucose-l-C 14 • 19.913 + '2.150 (17) 48.1.12 4- 5.500 (17) ,16,280 -4- 6.̀ 2,14 (17) 
(0.25 pc in 7 pmoles) 
Ct*02 from glucose-6-C 14 * 1.278 + 195 (8) 1.'255 -4- 82 (8) 2,382 4- ~86 (8) 
(0.~5 pc in 7 pmoles) 

*Total counts per 10 min per 30 nfillion cells. 

In this communication, experiments carried out meas- 
uring the C1402 production from glucose-l-C I~ and glu- 
cose-6-C ~4 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 4,8, 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 

condit ions employed. 
Methods. Guinea-pig polymorphonuclear leucocytes ob- 

tained by sterile peritoneal exudate {following injection 
of 1% NaCI) were usedL The cells were sedimented at low 
speed (400 g) for 10 min and resuspended in Krebs Ringer 
phosphate, Krebs Ringer phosphate with 20% fresh 
guinea-pig serum and Krebs Ringer bicarbonate solutions. 
The solutions contained 2.9 pmoles per ml of unlabelled 
glucose, taking into account that  contained in serum. 

In the experiments in which phosphate buffer was used, 
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 amy!el). In the experiments with labelled 
substrates, Ct4Os was absorbed on KOH, precipitated as 
BaC~O, and counted at infinite thickness ~.s. 

Labelled subs!rates were supplied from the Radio- 
chemical Dentre, Amersham {England); Amy!el (sodium 
salt; pH checked and adjusted before using) from Lilly, 
Indianapolis (USA). 

Results and discussion. The data presented in Table I 
demonstrate an increased act ivi ty 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-C p- also appears to be increased by bicarbonate. 

The effects of amytal on the yield of c u e s  from glucose- 
1-C 14 and acetate-l-C tt {Table II) 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- 
t ivi ty (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. 

I t  must be mentioned that  the anaerobic production of 
CtlOl from glucose-l-C It is in any ease a small fraction 
of that  produced under aerobic conditionsL 

The fact that  both the oxygen uptake and the act ivi ty  
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 7.t° and NADPH can be directly re- 
oxidized by granules whose oxidase act ivi ty is greatly en- 
hanced ~,tt. The effect of bicarbonate could be explained 

. s  by the above-mentioned hypothesis , which is consistent 
with the present results. Ct*Os fixation has been directly 

Table 11. Percentage inhibition by 2" 19-1M Amytal on the oxygen 
uptake attd Ct4Ot production front ghleose-l-C tS' and acetate-l-C vt of 
resting polymorlfltonuclear leucocytes incubated in Ringer-phos- 
phate~ Ringer-pimsphate with serum and Ringer bicarbonate solu- 
tions. The values are given as mean 4- S.D. from 8 experiments for 

each group 

Rrebs. Ringer l,:rebs-Ringer Krebs-Ringer 
phosphate phosphate bicarbonate 

with serum 

Oxygen uptake 62.8 + 15 45.3 4- 11 76.0 -t- 9 

Ct4Ot front '28.9 4- I ! 07.0 4- 1.5 56.5 -'~ 1"2 
glucose- i -C It 

Ct*Ot from 89.ft -4- 5 88.9 :]: 6.5 86.5 + 4 
acetate- I-C It 

a A. I)Et.AUNAY, J. I)AGES, and M. MAURIN, Ann. Inst. Pasteur 72, 
9,16 (19.t6}. 
V, I:sMmq~, Carbohydrate }`letabolism and Respiration in I.euco- 
cytes from Normal and Diabetic Subjects (Unive~itetsforlaget I 
Aarhus, l)enmark 196'2). 

¢ },I. ZATTt attd G. I~I"-RONA, Ital. J. Biochenh a, :122 (1957). 
F. Ross! attd M. ZATTI, British J. exp. Pathol., in press. 

* F. Rossi attd M. ZATTt t Biochem. J. 87, .1:1 (1963). 
* Unpulflished results. 

to G. Y. N. IYER, M. F. ISLAM, attd J. N. QUASTI.:t, Nature 192, 535 
(1961). 

n F. Rosst and M. ZAa-r h Exper. ~0. 21 (196.1). 
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d e m o n s t r a t e d  for  leucocytes  in lac ta te ,  a n d  here  exclu-  
s ively  in the  ca rboxy l  g roup  ~2,~a which  co r responds  to a 
f ixa t ion  of C1402 v ia  a C~ + C a c o n d e n s a t i o n  fol lowed b y  
equ i l i b ra t ion  of t he  a c t i v i t y  of t h e  c a r b o x y l  c a r b o n s  v ia  a 
s y m m e t r i c a l  d i ca rboxy l i c  acid.  Therefore ,  a n d  in v iew 
of t he  resu l t s  p r e sen t ed  in t h i s  c o m m u n i c a t i o n ,  t h e  effects  
of b i c a r b o n a t e  in  inc reas ing  t he  a c t i v i t y  of t he  hexose  
m o n o p h o s p h a t e  p a t h w a y  would  sugges t  t h a t  p y r u v a t e  is 
c a r b o x y l a t e d  to m a l a t e  in coope ra t i on  w i t h  N A D P t l .  
Malic  d e h y d r o g e n a s e  would  t h e n  s u b s t i t u t e  N A D H  for 
N A D P H  a n d  t he  increase  of o x y g e n  u p t a k e  p r o d u c e d  b y  
b i c a r b o n a t e  would  be  r e l a t ed  to  r e o x i d a t i o n  of N A D H  
t h r o u g h  an  a m y t a l - s e n s i t i v e  p a t h w a y ,  T he  re levance  of 
t h i s  p a t h w a y  is d e m o n s t r a t e d  b y  the  e x t e n t  of i n h i b i t i o n  
of t he  oxygen  u p t a k e  and  of t he  d e c a r b o x y l a t i o n  v ia  t he  
p h o s p h o g t u c o n a t e  ox ida t i on  p a t h w a y  found  in b i c a r b o n -  
a t e  solut ion.  Th i s  a m y t a P s e n s i t i v e ,  i.e. p r o b a b l y  f lavo-  
p ro te in ,  s t ep  is n o t  followed b y  a n  a n t i m y c i n -  a n d  cya-  
n ide - i nh ib i t ed  r e s p i r a t o r y  cha in  2,3. 

Recen t ly ,  WAReU~G and  his  associa tes  c la imed t h a t  t he  
aerobic  glycolysis  of leucocytes  a n d  o t h e r  n o r m a l  t i ssues  
shou ld  be  cons idered  as an  a r t i f a c t  due  to  u n s u i t a b l e  
hand l ing ,  in c o n t r a s t  to  t he  t r u e  aerobic  glycot~sis  which  
would  be  pecu l ia r  to  t u m o r  cells ~. 

As p rev ious ly  s h o w n  in th i s  l a b o r a t o r y  ~ a n d  con f i rmed  
b y  o the r s  1~ when  t he  p rocedu re  followed b y  WARBURG to  
avo id  d a m a g e  to tile w h i t e  b lood cells is used, t he  leuco- 
cy tes  o b t a i n e d  are m o s t l y  l ym phocy t e s ,  a n d  aerobic  gly- 

colysis c a n n o t  be d e m o n s t r a t e d  wi th  these  cells, whi l s t  i t  
is cha rac t e r i s t i c  for p o l y m o r p h o n u c l e a r  leucocytes .  

W i t h  respec t  to  t he  p r e s e n t  expe r imen t s ,  t h i s  is a po in t  
of cons iderab le  in te res t ,  s ince t h e  s t r o n g  effect  of bicar-  
b=mate on  t he  aerobic  me t abo l i sm ,  as far  as t h e  r educ t i ve  
c a r b o x y l a t i o n  of p y r u v a t e  is concerned ,  c a n n o t  be  pro- 
duced  excep t  in the  p resence  of a n  ac t ive  aerobic  gly- 
colysis 2. 

Riassunto. L ' e n t i t h  del c o n s u m o  d 'oss igeno  e del la  pro- 
duz ione  di C1402 d a  g lucos io- l -C ~4 e glucosio-6-C 14 e la  loro 
d i f f e ren te  sens ib i l i th  a l l ' a m i t a l  nei  leucoci t i  po l inuc lea t i  di 
e s suda to  i n c u b a t i  in d iverse  condiz ioni  d i m o s t r a n o  l 'esi- 
s t enza  di p ig  s i s temi  di r ioss idazione dei coenz imi  r ido t t i .  

F. R o s s I ,  M. ZATTI, a n d  G. ZoPvI  

Unit Centre 'G. Vernoni" /or the Study o/Physiopathology, 
National Research Council and lstituto di Patologia 
Generale, Universit& di Padova (Italy), July 13, 1964. 
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The Distr ibut ion of s o m e  E n z y m e s  Involved in 
the S tero idogenes i s  of Hen's  Ovary 

E v i d e n c e  for  t he  secre t ion  of sex h o r m o n e s  b y  t he  
a v i a n  o v a r y  ha s  been  g iven  b y  LAYNE et  al. 1,2. Proges-  
t e rone  and  oes t rogens  (oestrone,  oestradiol-17fi ,  oestriol)  
h a v e  been  iden t i f i ed  in t he  o v a r i a n  e x t r a c t s  of t he  l ay ing  
h e n  b y  c h r o m a t o g r a p h i c  mobi l i ty ,  17V-spectrophoto-  
m e t r y  and  chemica l  reac t ions .  

Ef fo r t s  to  iden t i fy  t he  cell t y p e s  in w h i c h  s te ro ido-  
genesis  t a k e s  place  h a v e  no t  so far  been  successful.  On ly  
r e c e n t l y  As-3f l -hydroxys tero id  d e h y d r o g e n a s e  (AS-3t/- 
H S D H )  has  been  d e m o n s t r a t e d  h i s t o c h e m i c a l l y  in  t he  
g r anu losa  a n d  t he  t h e c a  i n t e r n a  of t he  g rowing  o6eytes ,  
a t r e t i c  follicles and  p o s t - o v u l a t i o n  follicles of l ay ing  hens  
(BOTTE3). The  presence  of th i s  e n z y m e  mere ly  ind ica tes  
t he  ex i s tence  of one  of t h e  f i rs t  s t eps  of s te ro id  bio-  
syn thes i s .  In  fact ,  i t  is d e m o n s t r a b l e  in  all  t ypes  of s t e ro id -  
p r o d u c i n g  cells (adrenal ,  ova ry ,  tes t i s  a n d  p lacen ta )  a n d  
is i nvo lved  w i t h  AS-3-ketoisomerase ill t he  t r a n s f o r m a -  
t ion  of p r egneno lone  to p roges t e rone  (see WET'rSTEIN4), 
R e c e n t l y  AOSHIMA et  al.~, us ing  a b iochemica l  m e t hod ,  
h a v e  even  d e m o n s t r a t e d  As-3f l -HSDH in t he  l iver  a n d  
k i d n e y  of t he  ra t .  

In  th i s  c o m m u n i c a t i o n ,  we r e p o r t  t he  d i s t r i b u t i o n  of 
two e n z y m e s  of oes t rogen  m e t a b o l i s m  in t h e  o v a r y  of 
l ay ing  h e n s  ( common  hen  of Aversa ) :  D P N -  and  T P N -  
d e p e n d e n t  17/3-hydroxysteroid  d e h y d r o g e n a s e  (17fl- 
H S D H ) .  These  e n z y m e s  ca ta lyse  d e h y d r o g e n a t i o n  of 
17f i -hydroxys te ro ids  to  17-ketos teroids ,  a n d  c o n s e q u e n t l y  
oestradiol-17fi  to  oes t rone .  T h e y  h a v e  so far  been  d e m o n -  
s t r a t e d  b iochemica t ly  in t he  h u m a n  p l a c e n t a  (LANGER a n d  
ENGEL 6, TALALAY et  al. 7, t{OLLANDER et  al. s, HAGERMAN 

a n d  VILLEE~), a n d  in t he  l iver  of a m p h i b i a  a n d  fishes 
(BREUER et  a l t0 ) ,  a n d  h i s t o c h e m i c a l l y  in t he  h u m a n  
p l a c e n t a  (KELLOG a n d  GLWXXER n,  KLEINER et  al. ~2) and  
in t he  r a t  l iver  a n d  in t e s t ine  (PEARSON a n d  GRosE is). 

The  d i s t r i b u t i o n  of b o t h  17 f l -HSDHs  has  been  com- 
p a r e d  to  t h a t  of A'~-3fl-HSDH on  c o n t i g u o u s  sect ions.  The 
h i s t ochemica l  r eac t i on  of  "~A.;ATTENBERG 1~, modif ied  by  
LEVY e t  al. ~5, ha s  been used to  d e m o n s t r a t e  zlb-3fl - 
H S D H .  D P N -  a n d  T P N - d e p e n d e n t  17/3-HSDHs have  

D. S. LAYNE, R. H. CoM~tON, W. A. MAIl', and R. M. FRAPS, Prom 
Soc. exp. Biol. Med. 94, 528 (1957). 

2 D. S. LAYNE, R. H. COMMON, W. A. MAW, and R. M. WRAPS, 
Nature 181, 351 {1958). 
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7 p. TALALAY, B. HURLOCK, and H. G. WILLIAMS-ASHMAN, Proc. 

U.S. Nat. Acad, Sci. 44, 862 (1958). 
a V. P. HOLLANDER, N. HOLLANDER, and J. D. BRowN, J. biol. 

Chem. 2~4, 1678 (t959}. 
D. D. HAGERMAN and C. A. VILLEE, J. biol. Chem. 231, 9031 (1959). 

~0 H. BROTHER, R. OzoN, and C. MITTERMAYER, i-toppe-Seyler's Z. 
333, 272 (1963). 

n D. A. KELLOG and G. G. GLENNER, Nature 187, 763 (1960). 
12 li. KLE1NER, P. \VILKtN, and J. SNOECK, Geburtshilfe und Frauen- 

heilkunde 22, 986 (1962). 
~a B. PEARSON add 1:. GROSE, Proc. Soc. exp. Biol. Med. leO, 636 

(1959). 
la L. W. WAT'r~NmtRO, J. Histoeh. Cytocbem. 6, 225 (1958). 
t5 H. LEVY, H. W. DEANE, and B. L. RUBIN, Endocrinology 69, 932 

0959). 


