
[15. IV. 1959] Kurze Mitteihmgen - Brief Reports 135 

Menschen  b e o b a c h t e t e n  A k t i v i t R t s v e r g n d e r u n g e n  sol l ten  
be i  de r  R a t t e ,  e inem Tier  m i t  t ebens lgng l i chem VVachs- 
r u m ,  u n t e r s u c h t  werden .  So w u r d e n  1. die S e r u m p h o s -  
p h a t a s e a k t i v i t ~ t e n  bei  52 m ~ n n l i c h e n  A t b i n o r a t t e n  i m  
Al t e r  y o n  20, 45, 60, 75, 120, 200 u n d  300 Tagen ,  2. die 
K 6 r p e r g e w i c h t s z u n a h m e  dieser  Tiere  u n d  3. d e r  E inf luss  
de r  K a s t r a t i o n  au f  die S e r u m p h o s p h a t a s e n  gepri iff .  Be i  
d e n  e t w a  18 h f a s t e n d e n  T i e r e n  s ind  die P h o s p h a t a s e n  
n a c h  de r  HUGGINS-TALALAYsehen M e t h o d e  4 wie be re i t s  
b e s c h r i e b e n  b e s t i m m t  w o r d e n  5. A m  gle ichen T ag  wur -  
d e n  jeweils R a t t e n  v e r s c h i e d e n e r  A l t e r s g r u p p e n  in  den  
Ve r such  g e n o m m e n .  U m  jahresze i t l i che  Einfl t isse  auszu-  
scha l t en ,  w u r d e n  alle B e o b a e h t u n g e n  im M o n a t  Mai 
durchgef f ih r t .  
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Die AktivitSt der Serumphosphatasen m~innlieher Ratten iu Ab- 
hgmgigkeit yore Alter. ~ - - - ,  = alkalische,- . . . .  saute Serum- 
phosphatase (Mittelwerte}. I = Standardfehler des Mittelwertes. 

In Klammern Anzahl der Tiere 

Phosphataseaktiviti~t und Lebensalter. Die A k t i v i t i t t e n  
de r  a lka l i schen  u n d  s a u r e n  P h o s p h a t a s e  (Abb.)  w a c h s e n  
im a l lgemeinen  para l le l  bis  zu e i n e m  M a x i m u m  im Lebens -  
a l t e r  yon  45 T a g e n  an,  u m  d a n a c h  wieder  a b z u n e h m e n .  
Die s t a t i t i s che  A u s w e r t u n g  wurde  d u t c h  den  Verg le ich  
des  D u r c h s c h n i t t s w e r t e s  de r  A l t e r s g r uppe  yon  45 T a g e n  
(h6chs te  P h o s p h a t a s e n a k t i v i t ~ t )  m i t  d e n  d u r c h s c h n i t t -  
l i chen  W e r t e n  yon  al ien t ibr igen  A l t e r s g r u p p e n  u n t e r  An-  
w e n d u n g  des  ~h>Testes  durehgef f ih r t .  D ie j en igen  Einze l -  
b e o b a c h t u n g e n  (weniger  als  4%) ,  bei  d e n e n  die q u a d r a t i -  
sche  A b w e i c h u n g  e rheb l i ch  m e h r  als die H/ i l f te  de r  S u m m e  
al ler  Q u a d r a t a b w e i c h u n g e n  be t rug ,  w u r d e n  n a c h  SEALEY 
u n d  SONI)ERN 6 aIs a b e r r a n t  angesehen .  Die  A b b i l d u n g  e n t -  
h~ l t  diese VVerte n ich t .  Die A k t i v i t g t s z u n a h m e  de r  a lka-  
l i schen P h o s p h a t a s e  yore  20. bis z u m  45. T ag  is t  signifi-  
k a n t  (p < 0,01). V o m  45. bis  z u m  60. T ag  n i m m t  sie 
wah r sehe in l i ch  s ign i f i kan t  (p < 0,05) u n d  bis z u m  75. Tag  
s t a r k  s ign i f i kan t  (p < 0,00i)  ab. Die A k t i v i t g t s w e r t e  s ta-  
b i l i s ieren sich n a c h  d e m  120. T ag  u n d  zeigen h i e r au f  ke ine  
s i g n i f i k a n t e n  V e r g n d e r u n g e n  m e h r  bis  z u m  300. Al ters -  
tag.  G r u n d s g t z l i c h  gi l t  dasse lbe  ffir die saure  Se rum-  
p h o s p h a t a s e .  Sie n i m m t  yore  20. .Tag bis  z u m  45. T ag  
a u c h  s ign i f ikan t  zu (p < 0,02), s i n k t  d a n n  bis  z u m  6 0 . T a g  
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hoch  s ign i f ikan t  a b  (p < 0,001), urn  n a c h  A b l a u f  e iner  
75tAgigen L e b e n s d a u e r  p r a k t i s c h  u n v e r / i n d e r t  zu b le iben .  
Zur  Zei t  des A k t i v i t ~ i t s m a x i m u m s  i s t  die Var i ab i l i t / i t  fiir 
be ide  P h o s p h a t a s e n  a m  g r 6 s s t c n ;  d ie  U r s a c h e  daf i i r  
k 6 n n t e  v ie l le icht  d a r i n  l iegen, dass  die v e r s c h i e d e n e n  
Tiere  n i c h t  in  genau  de r se lben  Ze i t  d ie  h 6 c h s t e  P h o s p h a -  
taseakt iv i t~ i t  erreichen.  

Phosphataseaktivit~it und Zuwachsrate. Die Z u w a c h s r a t e  
unse r e r  Versuchs t ie re  zeigt  gew6hnl i ch  im A l t c r  yon  
75 T a g e n  m a x i m a l e  Wer t e  u n d  s t i m m t  n i c h t  m i t  d e r  Zei t  
de r  h S c h s t e n  Phospha ta seak t iv i t~ i t  t iberein.  Diesbez i ig l i ch  
s ind  wei te re  U n t e r s u c h u n g e n  no twend ig ,  da  die KSrpe r -  
g e w i c h t z u n a h m e  n i c h t  als zuverli£ssiges K r i t e r i u m  fiir 
das  W a c h s t u m  des Skele t tes  d i enen  k a n m  

Phosphataseaktivitdten u~,d Keimdri~sen. N a c h d e m  die 
A b n a h m e  de r  P h o s p h a t a s e a k t i v i t g t e n  in die Zei t  de r  se- 
xue l len  Re i fung  de r  R a t t e  f/illt, w u r d e n  die S e r u m -  
p h o s p h a t a s e n  bei  kas t r i e r t en  u n d  n o r m a l e n  mi inn l ichen ,  
e t w a  100 Tage  a t t en  R a t t e n  - also zu r  Zeit ,  in we lche r  
be[ u n s e r e n  T ie ren  die A k t i v i t g t e n  de r  s a u r e n  Se rum-  
p h o s p h a t a s e  s chon  s tab i l i s ie r t  s ind  - b e s t i m m t .  Sechs  
N o r m a t r a t t e n  ze ig ten  eine saure  P h o s p h a t a s e a k t i v i t i i t  
yon  25,5 ~k 3,7 E i n h e i t e n  ( S t a n d a r d f e h l e r  des  Mit te l -  
wertes) .  Bei  8 R a t t e n ,  die 40 Tage v o r h e r  k a s t r i e r t  wur-  
den,  s t ieg die s au t e  P h o s p h a t a s e a k t i v i t i t t  au f  46,0 :k 2,7 
E i n h e i t e n  (hoch s ign i f ikant ;  p < 0,001) u n d  e r r e i ch te  
d a m i t  fas t  die m a x i m a l e n  Wer te  unse re r  Tiere.  I n t e r e s -  
san te rwc i sc  wurde  die alkal ischc S e r u m p h o s p h a t a s e  d u t c h  
die K a s t r i e r u n g  n i c h t  beeinflusst .  Zur  we i t e ren  Kl~irung 
de r  F r a g e  sol l te  die Kas t r i e rung  in ve r sch i edenen  Lebens -  
a l t e r n  u n t e r n o m m e n  werden.  

Ffir die techtfische Mithilfe sin~ wir Herrrt GLUg~EVI(~ besondcrs 
vcrpflichtet. 

L. t{ABADJIJA, M. VRANIC, 
N. ALLEGRETTI u n d  N. POKRAJAC 

Physiologisches [nstitut, Mfedizinische Fakultiit der Uni- 
versitiit Zagreb (Jugoslawien), 2/. Oktober 1958. 

Summary 

T h e  s e r u m  a lka l ine  and  acid phosiahatases  were  e x a m -  
ined  in  ma le  r a t s  be tween  the  ages of 20 a n d  300 days ,  
us ing  t h e  m e t h o d  of HUGGINS and  TALALAV 4. The  ac t i -  
v i t ies  of acid and  a lka l ine  p h o s p h a t a s e s  increase  signifi-  
c a n t l y  to  the  age of 45 days, followed b y  a h i g h l y  s igni-  
f i can t  decrease  up  to 120th d a y  for a lka l ine  a n d  to  
75 th  d a y  for  acid phospha t a se .  Af te r  c a s t r a t i on ,  h i g h l y  
s ign i f i can t  increases  in the  acid,  b u t  n o  c h a n g e s  in  t h e  
a lka l ine  s e r u m  p h o s p h a t a s e  were obse rved .  

C o m p a r i s o n  o f  C h o l e r e t i c  Effects  
of  C Y N  a n d  N a - D e h y d r o c h o l a t e  

1,4 d icaffeylquinic  acid (Cynar ine  or CYN),  o r ig ina l ly  
e x t r a c t e d  f rom the  large basa l  leaves  of a r t i c h o k e  a n d  
l a t e r  also p r epa red  b y  syn thes i s  l, was  found  to be  t he  
ac t ive  pr inciple  of a r t i c h o k e  (PREZlOSI et al."--4). 
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Treatment 

Substance__ • mg/kg 

Ph, B. M / 5  --- 

Na-dehydrocholate 5-53* 

Na-dehydrocholate 11.85 

Na-dehydrocholate 23.7 

Na-dehydrocholate 39.5 

Na-dehydrocholate 59.25 

Na-dehydrocholate 79 

CYN 7 

CYN 15 

CYN 30 

CYN 50 

CYN 75 

I 
CYN 100 

I 

......... . . . . . . . . . . . . .  

ml/kg 

Table I 

Amount of bile in ml 4- s.e. secreted during 

lSth [ 2ndh [ 3rah I 4thh 5thh 

0.35 0.31 0.30 0.32 
5 4- 0.010 4- 0.027 4- 0.021 4- 0.030 4- 

0-42 0.38 0.35 0-32 
%soln, 4- 0-038 4- 0-037 4- 0-061 4- 0-049 + 

0-11 0-48 0-51 0-54 0-48 
4- 0-049 4- 0.055 4- 0.051 :}: 0-04 4- 

0.22 0-28 0-35 0-39 0-28 
4- 0-029 _]: 0-022 4- 0-032 4- 0.014 4- 

0.57 0-38 0-52 0-39 0.34 
± 0-028 4- 0.040 4- 0.026 4- 0.019 .~: 

0-79 0-42 0.72 0.38 0.31 
4- 0-040 ± 0.044 4- 0-037 4- 0.072 4- 

1.19 0.29 0.64 0-28 0.28 
4- 0.006 -V 0.042 4- 0.035 4- 0,049 4- 

1.58 0.34 0.78 0.41 0.28 
+ 0.019 4- 0.011 4- 0-017 4- 0.017 4- 

Percentage variations 
compared with basal secretion 

~ndh [ 3rdh 4thh 1 5thh 

0"29 -- 11"5 --14,3 -- 8"6 --17-2 
0.032 
0.29 - 9.6 - 1 6 . 7  - 2 3 . 9  - 3 1  
0.033 
0.42 + 6-2 +12-5 0 -12-5  
0-0231 
0.25 + 25 +39.2 0 - 1 0 . 8  
0.0101 
0.33 + 36-8 + 2-6 -10 -6  - 1 3 . 2  
0.018i 
0,24 + 7 1 . 4 -  9 - 6 - 2 6 - 2 - 4 2 - 9  
0,045 i 
0,20 1+120.6 - 3.5 - 3.5 -31 .1  
0,040 
0,25 + 129.4 +20-5 - 17-7 - 26.5 
0.026 

0.14 0.47 0-50 0-46 0'43 0'45 + 6 , 3 -  2 . 2 -  8 . 6 -  4.3 
4- 0.05 -4- 0.06 4- 0-07 4- 0.036 ~ 0.023 

0.30 0.46 0-57 0-53 0.42 0.42 + 23.9 +15-2 - 8-7 -- 8-7 
4- 0.07 -t- 0"09 4- 0:05 ~ 0.02 4- 0'04 

0,60 0.31 0"44 0.35 0,29 0.31 + 41.9 +12"9 - 6.5 0 
4- 0.11 4- 0.06 4- 0-05 4- 0-036 4- 0,11 

1 0.42 0.63 0.51 0.39 0,34 + 50 +21.4 - 7.2 -19 .1  
4- 0.02 4- 0-05 4- 0-03 ~ 0'043 4- 0,012 

1.5 0"50 0"96 0.65 0"56 0.50 + 92 +30 +12 0 
4- 0-02 4- 0-1 4- 0"06 :k 0'061 ~ 0,002 

2 0.40 0.78 0"60 0.49 0-44 + 95 +50 +22.5 + 10 
:k 0"01 4- 0.04 4- 0.05 + 0.037 ~ 0-06 

* 5-53-- 11"85--28.7-- 89"5--59.25--79: equimo|eeular doses 

CYN possesses  choleret ic  and  diure t ic  p roper t i e s  and  
has  also some in te res t ing  effects  on  cholesterol  me t abo -  
lism. 

This  p a p e r  deals  w i th  t he  resul ts  of a series of exper i -  
m e n t s  in which  some aspec t s  of the  choleret ic  ac t ion  of 
CYN, e.g. dose-effect  re la t ion,  du ra t i on  of act ion,  ir/- 
Iluence on excre t ion  t ime  of b romesu l foneph ta l e ine  
(B. S. P.) were  compa red  wi th  t he  same effects  exe r t ed  
by  Na -dehyd rocho l a t e  (NaDC). 

M a t e r i a l  and  methods.  Albino ra ts  of t he  Morini  s t r a in  
weighing 160-220 g were used. Animals  of b o t h  sexes, 
bu t  no t  p r e g n a n t  females,  were  employed .  CYN s and  
reagent  grade NaDC h a v e  been  used. B o t h  subs tances  
were dissolved in p h o s p h a t e  buffer  (Ph. B.) M [ 5  (Na2 
HPO47.1% solution).  W i t h  th is  solvent ,  a 1 -2% solut ion 
of CYN m a y  be ob ta ined  by  hea t ing  on a boiling wa te r -  
ba th .  These solut ions p rec ip i t a t e  on cooling. Thei r  p H  is 
abou t  7 (6.9-7-2), The  s t r e n g t h  of the  CYN and  NaDC 
solut ions was  ca lcula ted  in order  to  in jec t  the  requi red  
a m o u n t  of drug  in a to ta l  vo lume  of 5 ml  l iquid per  kg. 
Groups  of 10-30 ra ts  t r e a t ed  only  w i t h  Ph.  B. (5 ml /Kg) ,  
or kep t  u n d e r  observa t ion  w i t h o u t  a n y  t r e a t m e n t ,  se rved  
as controls .  

I n  all our  exper iments ,  we used t h e  t e chn ique  of t e m p o -  
ra ry  bil iary fistula,  descr ibed  by  PREZlOSI and  LOSCALZO ~. 
In  th is  series of exper iments ,  however ,  the  a b d o m i n a l  wall 
was su tured  a f te r  the  in t roduc t ion  of the  plas t ic  t ube  in to  
the  commor/  bi l iary duct .  Drugs  were admin i s t e r ed  b y  
in t ravenous  inject ion.  The  bile flow has  been  cont ro l led  
and measured  i h before and 4 h a f te r  the  admin i s t r a t i on  
of CYN, NaDC or Ph.  B. In  the  controls  w i t h o u t  a n y  
t r ea tmen t ,  the  flow was recorded for 5 h.  

5 CYN was kindly supplied by Farmitalia. 

to 7--15--80--50--75--100 mg/kg CYN respectively, s .e .~s tandard error 

Resul t s .  
1. Dose-el~err relation.  As s h o w n  in Table  I, CYN m a y  

cause a 90% increase of basal  b i l iary  flow. F o r  doses  up  
to  50 mg/kg  of CYN, as well as for equ imolecu la r  doses  of 

70 o ICo-dehydro~olete ° 
% * Cf# i l~-dehyOro~olatef=o.gSB 
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Fig. 1.--Dose-effect relation of CYN or NaDC 
The average percentage variations of the biliary flow during the 
first hour after injection of the drugs has been plotted against the 

log of the doses. The 'r' was calculated according to GONTHER n 
6 In G. POU~SEAu-DELtLLE, Techniques biologiques en endocrino- 

logic expdrimentale chez le rat (Masson, Paris 1953), p. 161-183. 
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NaDC,  a close dose-effec t  r e l a t i o n  could  be  o b s e r v e d  
d u r i n g  t h e  f i rs t  h o u r  a f t e r  t h e  i n j e c t i o n  (Fig. 1). 

2. Duration oJ action. T h e  cho le re t i c  ef fec t  of lower doses  
(7-15  mg/kg)  of C Y N  d u r i n g  t he  f i rs t  h o u r  is nea r ly  equi-  
v a l e n t  to  t h a t  of e q u i m o l e c u l a r  doses (5.53-11.85 mg/kg)  
of NaDC,  b u t  d u r i n g  t h e  second h o u r  i ts  a c t i v i t y  is in-  
fer ior  to  t h a t  of NaDC.  Medium doses  (30 mg/kg)  of C Y N  
a n d  N a D C  d i sp l ay  a b o u t  t h e  s ame  chole re t ic  a c t i v i t y  
d u r i n g  t h e  f i r s t  a n d  second h o u r s  a f t e r  t h e  in jec t ion .  

0h 

60[ :. : CYN 30 mg/kg 

t 
o o Na-dehydrocholate as 30 mg/kg CYN 

50 

10 

lO0 [ ~ ~ I  g 

- /0  

Table I I  

Treatment BSP average 
excretion time 

Substance mg]kg min/s 

P h . B . M / 5  . . . 
NaDC 
NaDC 
CYN 

I CYN 

5 mllkg 
11.85 mg/kg* 
23-7 mg/kg** 
15 mg/kg 
30 mg/kg 

4 min 45 s 
4 min 30 s 
4 rain 51 s 
4 rain 34 s 
3 rain 45 s 
4 min 12 s 

* Equimolecular to 15 mg/kg CYN. 
** Equimolecular to 30 mg/kg CYN. 

Conch~sion and summary. CYN was found  to  h a v e  
m a r k e d  chole re t ic  p roper t i e s ,  A close dose-effect  r e l a t i o n  
could  be  o b s e r v e d  d u r i n g  t h e  f i rs t  h o u r  a f t e r  in jed t ion  of 
t he  d r u g  up  to doses  of 50 mg/kg .  F o r  t h e  m e d i u m  doses  

% 

150[ ~ = Na-dehydrocholate as lOOmg/kg CKH 
l~O~ I o o Cfa lOOmg/kg 
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Fig. 2.---Choleresis following different doses of CYN or NaDC 
The average percentage variations of the biliary flow with respect 
to the basal values (basal hour) have been plotted against time 
(after injection of drugs} during which the observation of biliary 

flow was performed 

D u r i n g  t h e  fo l lowing hours ,  a r e d u c t i o n  of b i le  flow m a y  
b e  o b s e r v e d  in  t h e  a n i m a l s  t r e a t e d  w i t h  NaDC,  w h i c h  
fails in  C Y N - t r e a t e d  r a t s  (Table  I a n d  Fig. 2). F o r  higher 
doses (50-75 mg/kg) ,  t he  cho le re t i c  a c t i v i t y  of C Y N  dur -  
ing t h e  f i rs t  h o u r  is s l igh t ly  infer ior  to  t h a t  of equi-  
m o l e c u l a r  doses (39-5-59-25 mg/kg)  of NaDC,  whi le  dur -  
ing  t h e  fol lowing h o u r s  t h e  effect  of C Y N  is more  pro-  
nounced .  D u r i n g  the se  h o u r s  a r a t h e r  severe  r e d u c t i o n  
of b i l i a ry  flow be low basa l  va lues  m a y  be  obse rved  in  
N a D C  t r e a t e d  ra t s ,  b u t  n o t  in  C Y N - i n j e c t e d  an imal s .  T h e  
cho le re t i c  a c t i o n  of C Y N  in  doses  of 100 m g / k g  las t s  u p  
to  4 h,  whi le  t h e  cho le re t i c  ef fec t  of equ imo lecu l a r  doses  
of N a D C  has  a d u r a t i o n  of a b o u t  2 h (Tab le  I a n d  Fig. 3). 

3. B . S . P .  excretion time. I n  these  e x p e r i m e n t s  B. S. P. 
(5 mg/kg ,  2-5% solu t ion)  was  i n j ec t ed  i n t r a v e n o u s l y  
30 m i n  a f t e r  t h e  in j ec t ion  of C Y N  or  NaDC.  T he  B. S. P. 
exc re t i on  t i m e  is n o t  modi f ied  or  on ly  s l igh t ly  e n h a n c e d  
b y  CYN (17-30  mg/kg) ,  as  s h o w n  in  T a b l e  I I .  E q u i m o l e -  
c u l a r  doses  of N a D C  do n o t  in f luence  t h e  B. S .P .  excre-  
t i o n  t ime.  
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Fig. 3.--Choleresis following different doses of CYN or NaDC 
The average percentage variations of the biliary flow with respect 
to the basal values (basal hour} have been plotted against time 
(after injection of drugs) during which the observation of biliary 

flow was performed 

t h e  cho le re t ic  effect  is nea r ly  e q u i v a l e n t  to  t h a t  of N a D C  
in  e q u i v a l e n t  doses, whi le  t h e  e f fec t  of h i g h e r  doses  was  
of longer  d u r a t i o n ,  l a s t i ng  u p  to  3 -4  Ix. T h e  B. S. P.  ex-  
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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 .  

"J F. BERTOLANI, .-¥I. DARDARI, and L. MASSA, Significato e valore 
pratico della utilizzazione di un Jarmaco ad azione ¢olocrina, l'ac. 1, 4- 
dieaJJeilchinico, nella indagine eolangiocolecislograJica con mezzo di 
contrasto endovenoso (ricerca sperimenlale e clinica) (Casa Ed. Ambro- 
s iana ,  Milano 1957). 

8 A. I)ELGOURT a n d  A. Doran ,  J .  Pbys io l .  48, 494 (1956). 
A. DELCOURT, Ann. Soe. R. Sei. m6d. natur. Bruxelles 9, 281 

(1956). 

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. 

1 0 .  WARBURG, F.  KUBOWITZ, arid "vV. CHRISTIAN, B iochem.  Z. 
227, 245 (1930}. 

2 F.  LIPMANN, N a t u r e  138, 588 (1936). 
a T P N  - T r i p h o s p h o p y r i d i n e  nue teo t ide ;  ] ; P N H  - r e d u c e d  T P N .  
a B. L. HORECKER and H. H. HIAT% New England J. Med. ~58, 

~25 (1958). 
s F.  M, HUENVEKENS, L. LIEU, H .  P. A.  MYERS, a n d  B .  W .  GA- 

BRIO, J .  biol .  Chem.  ~27, 253 ( t957) .  
6 B. W. GABRIO, C. A. FINCH, and F. M. HVENNEKENS, Blood I1, 

lo3 (195~). 

Effect of Inhibitors on Enzyme Activity 

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

Promazine . . . . . .  

SKF 5883 . . . . . .  

Adazine . . . . . . .  
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2-5 
1-25 
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1-4 
48-8 
25.5 
13-8 
51.3 
21-8 
12-3 

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  

25"0 
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A B C 

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) .  


