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c re t ion  t ime  is no t  modi f ied  b y  CYN in  doses e q u i v a l e n t  
to  the  doses which  m a y  be  emp loyed  in c l inical  t h e r a p y  
(BERTOLANI et al. 7), in c o n t r a d i c t i o n  to  o t h e r  choleret ics ,  
wh ich  m a y  i m p a i r  t he  exc re to ry  func t i on  of t he  l iver  
(DISLCOORTS, 9). 

P. PREZlOSI, B. LOSCALZO, 
a n d  E.  MARlVlO 

Glucose o x i d a t i o n  in whole  cells was  m e a s u r e d  b y  t h e  
s t a n d a r d  W a r b u r g  t echn ique .  T h e  s y s t e m  as e m p l o y e d  
b y  HU~NNEKENS ~ was  used.  T h e  p h e n o t h i a z i n e s  were 
a d d e d  a t  t h e  expense  of the  K r e b s - R i n g e r  p h o s p h a t e  
so lu t ion ,  B o t h  cells a n d  d rugs  were a d d e d  in i t i a l ly  to  t h e  
m a i n  c o m p a r t m e n t  of t h e  \~rarhurg  f lask  a n d  were  incu-  
b a t e d  t o g e t h e r  15 ra in  before  s t a r t i n g  t h e  e x p e r i m e n t .  

Depar tmen t  o] Pharmacology ,  Univers i ty  o[ Nap le s  
( I ta ly) ,  December 1, 7958. 

R i a s s u n t o  

L ' a t t i v i t ~  coteret ica ,  nel  r a t t o ,  del l 'ac .  1,4 dicaffeil-  
ch in ico  (Cinar ina)  r i su t t a  pe r  dosi di  15-30  m g / k g  pe r  in- 
t ens i t~  e d u r a t a  s o v r a p p o n i b i l e  a que l la  det Na-de id roco-  
la to  in  dosi  equimolecolar i ,  p e r  dosi  pit1 e l eva t e  (75 a 
100 mg/kg} p i6  p r o l u n g a t a .  L a  funz ione  escre t r ice  det  
lega to  non  6 s f a v o r e v o l m e n t e  i n f l u e n z a t a  da l l a  Cinar ina .  
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P h e n o t h i a z i n e  D e r i v a t i v e s  as  I n h i b i t o r s  

of the G l u c o s e  O x i d a t i v e  P a t h w a y  
in H u m a n  E r y t h r o c y t e s  

I t  has  been  p rev ious ly  n o t e d  t h a t  h u m a n  e r y t h r o c y t e s  
in  tile presence  of m e t h y l e n e  b lue  oxidize glucose b y  w a y  
of p h o s p h o g l u c o n a t e  o x i d a t i o n  ~. The  o x i d a t i o n  of glucose 
is increased 20 to 50 t imes  ove r  the  low level  e s t ab l i shed  
w i t h o u t  t he  dye. The  e n z y m e s  necessa ry  for t he  o x i d a t i o n  
of glucose to r i bose -5 -phospha t e  are  p r e s e n t  in  t he  e r y t h r o -  
cy te  2. The  ox ida t i ve  s teps  of the  pen tose  p h o s p h a t e  p a t h -  
way,  because  of the  ab i l i t y  to  p roduce  T P N H  a, h a v e  a n  
i m p o r t a n t  func t ion  in cell g r o w t h  a n d  s y n t h e s i s 4  

I n  view of the  above ,  a n d  because  of a n  i n t e r e s t  in  t he  
effects of t r anqu i l i z ing  a g e n t s  on  e n z y m e  sys tems ,  t h e  
b e h a v i o u r  of t h r ee  p h e n o t h i a z i n e  d e r i v a t i v e s  on  p h o s p h o -  
g lucona te  ox ida t i on  in e r y t h r o c y t e s  was i n v e s t i g a t e  d. 

H u m a n  blood, col lected in  acid c i t r i c -dex t rose  (For-  
mu la  B, Na t iona l  I n s t i t u t e s  of H e a l t h )  was  o b t a i n e d  f rom 
the  local Red  Cross. The  cells were p r e p a r e d  acco rd ing  to  
HUENNEKENS et at. ~. Since t h e r e  is a loss in  t h e  ab i l i t y  of 
the  cells to  oxidize glucose w h e n  t h e y  are  s to red  severa l  
weeks, w i t h o u t  a n y  decrease  in h e x o k i n a s e  a c t i v i t y  6, 
adenos ine  (2100 ~dVf/100 ml  of cells) was  a d d e d  pr io r  to  
s torage  of the  e r y t h r o c y t e s  a t  4 ° C. Adenos ine  t r i p h o s p h a t e  
declines du r ing  s torage  a n d  is r egene ra t ed  u p o n  t h e  addi -  
t ion  of adenos ine  a. 
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Effect of Inhibitors on Enzyme Activity 

D r u g  Conc.  × 10 -4  M % I n h i b i t i o n  

Promazine . . . . . .  

SKF 5883 . . . . . .  

Adazine . . . . . . .  
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T h e  T a b l e  ind ica t e s  t h e  i n h i b i t i n g  effects  of t h e  t h r ee  
p h e n o t h i a z i n e s  s tud ied .  A t  e q u i v a l e n t  m o l a r  c o n c e n t r a -  
t ions ,  ad az i n e  [10 - (3 -d ime thy laminopropy l ) -2 - t r i f l uo ro -  
m e t h y l  p h e n o t h i a z i n e  hyd roeh to r ide ]  was  t h e  m o s t  effec- 
t i v e  in  p r e v e n t i n g  oxygen  c o n s u m p t i o n  b y  t h e  cells fol- 
lowed b y  S K F  5883 (N ,N-d ime thy l -10 - [3 - (1 -me thy l -4 -  
p i p e r a z i n y l ) - p r o p y l ] - 2 - p h e n o t h i a z i n e  s u l fo n ami d e  d ime-  
t h a n e s u l f o n a t e )  a n d  p r o m a z i n e  [10 - (3 -d ime thy l amino -  
p r o p y l ) - p h e n o t h i a z i n e  h y d r o c h l o r i d e  1. I t  was  also ob-  
se rved  t h a t  t h e  i n h i b i t i n g  effect  of d rugs  increased  w i t h  
inc reas ing  c o n c e n t r a t i o n  of  t h e  drug .  These  resu l t s  re-  
semble  those  found  in o t h e r  s y s t e m s L  
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Effec t  of D r u g  C o m b i n a t i o n  o n  E n z y m e  ..~ctivity 

A = P r o m a z i n e  a t  2-5 x 10 -4  M ;  
B .... S K F  5883 a t  2.5 x 10 - 4  M ;  
C = C o m b i n a t i o n  of  the  two,  e ach  a t  2.5 x I0  -~  2}I 

A d d i t i o n a l  o b s e r v a t i o n s  were m a d e  in  w h i c h  two  of t h e  
d rugs  were p r e s e n t  in  t h e  s a m e  r e a c t i o n  m i x t u r e  a t  
2.5 × 10 -4 M .  As i n d i c a t e d  in  t h e  F igure ,  these  d rugs  do 

7 E.  W .  HELPER, M. J .  CARVER, H .  P .  JACOBI, a n d  J .  A.  SMITH, 
Arctl .  B iochem.  B i o p h y s .  7a, 354 ( t958) .  
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no t  have  an  add i t ive  effect  b u t  inh ib i t  glucose ox ida t ion  
to a va lue  i n t e rmed ia t e  be tween  those  ob ta ined  when  the  
drugs  are used alone a t  these  concen t ra t ions .  Similar  re- 
sul ts  were ob ta ined  wi th  o the r  combina t ions .  

Prev ious  work has  ind ica ted  t h a t  some of these  com-  
pounds  inh ib i t  c y t o c h r o m e  oxidase  f rom r a t  l iver and  
b ra in  7. Reduced  t r i p h o s p h o p y r i d i n e n u c l e o t i d e  is oxidized 
s lowly b y  th is  sys tem.  However ,  T P N H  oxidase  is p re sen t  
in t he  e r y t h r o c y t e  and  m a y  poss ibly  be the  specific en-  
zyme inh ib i t ed  by  these  compounds .  These  expe r imen t s  
were n o t  des igned  to es tab l i sh  this.  

The  mola r  concen t r a t i ons  requ i red  in th i s  s t u d y  were  
in excess  of t h e  pharmacoIogica l  dose.  However ,  i t  is pos-  
sible t h a t  t he  inhib i t ion  no ted  m a y  be the  basis for o the r  
clinical effects  of t he  drugs.  F u r t h e r  work  is in progress  
on the  use of h u m a n  red blood cells in s t udy ing  enzyme  
inhib i t ion  b y  pheno th i az ine  der iva t ives .  

Investigation suppolted in part by Nebraska Fund for Psychi- 
atric Research and Grant M-~204, National Institute of Mental 
Health, Public Health Service s . 
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Neurochemical  Laboratory,  Nebraska  Psychiatr ic  Ins t i -  
tute, College o[ Medic ine ,  O m a h a ( N e b r a s k a ) ,  December l ,  
1958. 

Z u s a m m e n / a s s u n g  

P h e n o t h i a z i n a b k 6 m m l i n g e  un te r sehe iden  sich in ihrer  
~Virksamkeit  als H e m m s t o f f e  im o x y d a t i v e n  Glukose- 
s tof fwechsel  in mensch l i chen  E r y t h r o z y t e n .  K o m b i n i e r t  
m a n  versch iedene  Pheno th i az inde r iva t e ,  so erh~l t  m a n  ei- 
nen  m i t t l e r e n  H e m m u n g s g r a d ,  der  zwischen j enen  liegt, 
die m a n  bei A n w e n d u n g  der  e inzelnen Wirks tof fe  fiir sich 
allein e rha l t en  wiirde.  Somi t  e rsehein t  es n ich t  wahrsche in-  
lich, dass  H e m m u n g  des o x y d a t i v e n  Glukosestoffwechsels  
die prinzipiel le  Wirkungsweise  der  P h e n o t h i a z i n a b k S m m -  
linge dars te l l t .  

SKF-5883 was kindly supplied by Smith, Kline and French 
Laboratories, Philadelphia; Promazine by Wyeth Laboratories, 
Philadelphia; and Adazine by the Upjohn Company, Kalamazoo. 

The  Extract ib i l i ty  
of Calf T h y m u s  Hi s tone  Fract ions  

I t  is well k n o w n  t h a t  t he  calf  t h y m u s  h i s tone  is com-  
posed  of a t  least  two  main  fract ions.  The  argin ine-r ich  
f rac t ion  con ta ins  a p p r o x i m a t i v e l y  five t imes  more  ty ro-  
sine t h a n  the  lysine-r ich one ~-4. The difference in the  
solubi l i ty  of t he  su lpha tes  of these  two  main  f rac t ions  of 
calf  t h y m u s  historic was  used b y  some au tho r s  for  i ts  
I r ac t iona t ion  ~). 

The  nuc lear  ma te r i a l  was  p r epa red  by  modi f ied  ex t rac -  
t ion  of the  cy top l a sm wi th  0-14 M NaC1 according  to  
BUTLER et al. 6. His tone  was  e x t r a c t e d  wi th  d i lu ted  hydro -  

1 p. F. DAwsoN and J. A. V. BUTLER, Biochim. biophys. Acta 
15, 439 (1954). 

2 M. M. DALV and A. E. MIRSKV, J. gen. Physiol. 38, 405 (1955). 
Ch. F. CRAMPTON, S. MOORE, and "W. H. STEIS, J. biol. Chem. 

2¢5, 787 (1955). 
4 N. UI, Bioehim. biophys. Acta 25, 493 (1957). 
5 E. STEDStAY and E. STEDMAN, Philos. Trans. See. [B] 235, 565 

(195~). 
6 j .  A. V. BUTLER, P. F. DAVISON, D. ~,'q. F. JAMES, and K.V. 

SHOOTER, Biochim. biophys. Acta in, 29A (1954). 

chloric acid in t w o  w a y s :  in t h e  first ,  t h e  concen t r a t i on  
of the  acid, when  mixed  wi th  nuc lea r  mater ia l ,  a m o u n t e d  
to  0-1 N;  in the second to 0.2 N. A p a r t  f rom th is  me t h o d ,  
h is tone  was isolated by  ex t r ac t i on  of t he  bulk  of p ro te ins  
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Fig. 1.--The amount of acid-soluble protein (histone) in subsequent 
extractions of nuclear material, prepared by using 0-14 M NaCI 

extracted with 0.1 N HCI (i-a--e) and 0.2 N HC1 (o--o--o) 
and of the material prepared according to SEVAO et al, 7 

and extracted with 0.1 N HC1 (i • -- e) 

r ema in ing  a f t e r  isolat ion of desoxyribonucleic  acid (DNA), 
according to  SEVAG et al.7. This pro te in-conta in ing  mate -  
rial was  also e x t r a c t e d  wi th  0.1 N hydrochlor ic  acid. For  
the  comple te  r emova l  of all the  prote in  soluble in d i lu ted  
hydroch lo r ic  acid, five ex t rac t ions  are necessary (Fig. 1). 
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Fig. 2.--The E2~JN ratios of subsequcnt extractions of calf thymus 
histone. Histone extracted with 0.1 N HCt from the mmlear material 

prepared by using 0.14 M NaCt (o--e--e), histone prepared from 
the same material extracted with 0-2 N HCI (o--o--o) and 

histone extracted with 0.1 N HCI from the proteins 
resulting from the SEVAG process (t- • •) 

7 M. G. SEVAG, D. B. LACKMAN, and J. SMOLENS, J. biol. Chem. 
124, 4'25 (1928). 


