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of dup l ica te  tubes .  The  p a r a s i t e m i a  was a b o u t  4%,  
and  the  re t i cu locy te  c o u n t  was  less t h a n  0.5 %. The  wash-  
ing p rocedure  r emoves  over  90% of t he  leukocytes .  

F igure  2 shows t he  effects of p e p s t a t i n  on  t h e  incorpora-  
t i on  of p recursors  in to  p r o t e i n  and  nucleic  acids. I n  t h e  
l a t t e r  case less t h a n  10% of t he  i nco rpo ra t i on  is in to  DNA,  
as shown b y  select ive r e m o v a l  of RNA,  f rom t he  f i l ter  
p a p e r  discs ~. A dose d e p e n d e n t  response  was ob ta ined .  
P r o t e i n  syn thes i s  was i n h i b i t e d  b y  a b o u t  40% a n d  nucleic  
acid syn thes i s  b y  80 o/o a t  t he  h ighes t  p e p s t a t i n  concen t r a -  
t i on  tes ted .  Some v a r i a b i l i t y  in  t he  s ens i t i v i t y  to  t he  
inh ib i to r s  was  encoun t e r ed  in d i f fe rent  exper imen t s .  W e  
h a v e  no t  ye t  been  able  to  a ccoun t  for this .  

Cells were p r e p a r e d  as descr ibed for F igure  1. However ,  
t he  adenos ine  c o n t e n t  of t he  m e d i u m  was reduced  b y  
50% (to 5 vg/ml),  t he  p a r a s i t e m i a  was 11%, t he  vo lume  
of t he  i n c u b a t i o n  m e d i u m  was reduced  to  0.225 ml,  and  
0.075 txCi of isoleucine-14C were added.  For  i nco rpo ra t i on  
in to  nucleic acids, cells were i n c u b a t e d  w i t h  0.125 [xCi of 
orot ic  acid-6-14C (specific a c t i v i t y  25.2 mCi /mmole) .  I n  
th i s  expe r imen t ,  coun t s  in  in fec ted  cells h a v e  been  
cor rec ted  for coun t s  in to  a n  equ iva l en t  n u m b e r  of red  
cells. 

If  these  inh ib i to r s  are indeed  ac t ing  to  p r e v e n t  hemo-  
g lobin  b r e a k d o w n  b y  t he  paras i te ,  i t  m i g h t  be  poss ible  
to  reverse  the  i n h i b i t i o n  b y  supp ly ing  the  cells w i t h  a m i n o  
acids. F igure  2 (insert) shows t he  resul t s  of such  an  
expe r imen t .  The  add i t i on  of a m i x t u r e  of a m i n o  acids 
pa r t i a l l y  reversed  the  i n h i b i t i o n  due to peps t a t i n ,  a t  leas t  
d u r i n g  t h e  f i rs t  two hours .  W i t h  l eupep t in  (not  shown),  a 
so lu t ion  of e i the r  amino  acids or pro teose  p e p t o n e  
pa r t i a l l y  reversed  t he  inh ib i t ion .  

Our  d a t a  sugges t  t h a t  p ro tease  i nh ib i t o r s  m a y  be  
cons idered  as p o t e n t i a l  a n t i m a l a r i a l  agents .  Thus ,  4 
c o m p o u n d s  t h a t  i n h i b i t  t he  pa ra s i t e  p ro tease  also 
i n h i b i t e d  mac romo l ecu l a r  syn thes i s  in  in fec ted  red  ceils. 
These  f ind ings  are cons i s t en t  w i t h  our  work ing  h y p o t h -  
esis 1, ~ t h a t  agen ts  t h a t  i nh i b i t  h e m o g l o b i n  b r e a k d o w n  
could i n h i b i t  pa r a s i t e  g r o w t h  t h r o u g h  d e p r i v a t i o n  of 
amino  acids. The  f ind ing  t h a t  th i s  i n h i b i t i o n  was  pa r t i a l l y  
overcome in t h e  presence  of a m i n o  acids or p ro teose  
p e p t o n e  is cons i s t en t  w i t h  t h i s  hypo thes i s .  The  m a r k e d  
i n h i b i t i o n  of p e p s t a t i n  on p recurso r  i n c o r p o r a t i o n  in to  
nucleic  acid r e m a i n s  to  be  expla ined ,  as i t  is no t  c lear  
if t h i s  is a d i rec t  effect, or if i t  is s econda ry  to  t h e  inh ib i -  
t i on  of p ro t e in  synthes is .  

Our  d a t a  are also cons i s t en t  w i t h  resu l t s  f rom exper i -  
m e n t s  in wh ich  ' g r o w t h '  of P .  knowlesi was m e a s u r e d  b y  
fol lowing t he  increase  in p a r a s i t e m i a  in in fec ted  red  ceils 
over  a 24 h per iod  7. P e p s t a t i n  a n d  c h y m o s t a t i n  con- 
c e n t r a t i o n s  as low as 0.01 ~g/ml  m a r k e d l y  i n h i b i t e d  t h e  
increase  in pa ra s i t emia .  L e u p e p t i n  ac tua l ly  caused  a 
decrease  in t he  pa ra s i t emia ,  b u t  m u c h  h igher  concen t r a -  
t ions  were required.  I t  is no t  clear if t he  h i g h  c o n c e n t r a t i o n s  
needed  for i n h i b i t i o n  ill t h e  p r e sen t  s t u d y  are  due to  a 
species d i f ference or to  a d i f ference in t h e  m e t h o d  for  
m e a s u r i n g  ' g rowth ' .  However ,  t h e  p r e sen t  f ind ings  
i nd ica t e  t h a t  i t  m a y  be  of va lue  to  t e s t  o the r  i n h i b i t o r s  of 
p ro t eo ly t i c  enzymes  on  g r o w t h  of t he  ma la r i a l  paras i te .  

Zusammen/assung. Nachweis ,  dass  d iverse  H e m m s t o f f e  
der  p r o t e o l y t i s c h e n  E n z y m e  den  E i n b a u  ih re r  Vorg~Lnger 
in  P ro t e in  u n d  1RNS yon  Plasmodium berghei bei  in 
v i t r o - K u l t u r  in  M / i u s e - E r y t h r o z y t e n  ve rh inde rn ,  eine 
H e m m u n g ,  die tei lweise d u r c h  A m i n o s ~ u r e n  riiekg~tngig 
g e m a c h t  wird.  Diese D a t e n  sp rechen  fiir e inen  Amino-  
s~u re -En t zug  d u r c h  die P r o t e i n a s e - H e m m s t o f f e  im Para-  
si ten,  wobe i  der  H~ tmog lob inabbau  b lock ie r t  wird.  
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Structure Dependent Catalytic Effect of Cupric Ion 

All n a t u r a l  and  s e m i s y n t h e t i c  penici l l ins  are  ca t a ly t i -  
cal ly h y d r o l y z e d  b y  cupr ic  ion to  t he  co r r e spond ing  
microbio logica l ly  i nac t i ve  penicil loic acids or a complex  
of penic i l loyl -copper  ion 1-~. W e  h a v e  found  t h a t  cephalo-  
sporins,  t he  s t r u c t u r a l  r e la t ives  of penici l l ins ,  h a v e  a 
s t r u c t u r e - d e p e n d e n t  s ens i t i v i t y  to  t he  hyd r o l y s i ng  ac t ion  
of cupr ic  ion. 

W e  h a v e  e x a m i n e d  a large n u m b e r  of s e m i s y n t h e t i c  
cepha lospor ins  of d iverse  chemica l  compos i t i on  for t h e i r  
s ens i t i v i t y  to  t he  h y d r o l y s i n g  effect  of cupr ic  ion ill 
aqueous  solut ion.  Fo r  conven ience  of assay  a d isc-agar  
d i f fus ion  m e t h o d  w i t h  13. subtilis ATCC 6633 as t he  t e s t  
o rgan i sm a n d  a f ixed c o n c e n t r a t i o n  of cepha lospor in  
(4 ~g/ml)  was used. Fo r  c o m p o u n d s  w i t h  poore r  in t r ins ic  
ac t iv i t i e s  a t e s t  c o n c e n t r a t i o n  of 8 ~xg/ml was employed  
w i t h  t h e  same  genera l  p a t t e r n  of results .  The  a c t i v i t y  of 
t he  c o m p o u n d s  was d e t e r m i n e d :  a) in de ionized  w a t e r ;  

, b) in  t h e  presence  of 1 ~g/ml  CuSO 4 ( the ave rage  a m o u n t  
in  h u m a n  serum) ; a n d  c) in  a m i x t u r e  c o n t a i n i n g  1 txg/ml 

on the Hydrolysis of Cephalosporins 

CuSO 4 t o g e t h e r  w i t h  5 [zg/ml of n -pen ic i l l amine  (Cupri- 
mine) .  These  so lu t ions  were k e p t  a t  37~ a n d  samples  
were assayed  microbio logica t ly  a t  0, 3, 5 a n d  24 h. The  
resu l t s  o b t a i n e d  w i t h  severa l  k n o w n  or commerc ia l ly  
ava i l ab le  cepha lospor ins  are p r e sen t ed  in Tab le  I. I t  can  
be  seen f rom th i s  t a b l e  t h a t  t he  a c t i v i t y  of cephalo-  
spor ins  c o n t a i n i n g  a pheny lg lyc ine  m o i e t y  (cephalo-  
glycin a n d  to  a lesser degree cepha l ex in  a n d  cephrad ine )  is 
progress ive ly  lost  in  t he  presence  of cupr ic  ion. Th i s  
deg rad ing  effect  of cupr ic  ion can  be  i n h i b i t e d  b y  I)- 
pen ic i l l amine  (Cuprimine) ,  a h igh ly  specific copper  
che l a t i ng  agent .  
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T a b l e  I. The  effect  of cupr i c  ion (Cu ++) a n d  pen ic i l l amine  (Pem) on the  d e g r a d a t i o n  of c o m m e r c i a l l y  ava i labIe  cepha lospor ins  

55 

CcphaIospor in  S a m p l i n g  4 p:g/ml 4/xg/mI 4 [xg/ml Cepha lospor in  S a m p l i n g  4 ~ g / m l  4 p~g/mI 

T ime  (h) + + T ime  (h) + 

1 p~g/ml Cu ++ 1 ~xg/ml Cu ++ 1 ~xg/ml Cu ++ 
+ 

5 ~zg/ml P e m  

4/xg/mI 
+ 

1 Exg/ml Cu ++ 

+ 

5 ~zg/ml P e m  

Cepha log lye in  0 26 ~ 25 27 Cefazolin 0 23 22 23 

3 24 16 26 3 23 22 23 

5 23 0 25 5 23 20 23 

24 9 0 15 24 20 20 23 

Cepha lex in  0 16 16 17 Cepha lo th in  0 30 30 30 

3 16 12 17 3 29 28 28 

5 16 10 17 5 28 28 28 

24 15 0 16 24 26 24 26 

Ceph rad ine  0 16 16 17 Cepha lospor in  C 0 15 14 15 

3 16 10 17 (40 ~g/ml)  3 13 13 13 

5 16 10 17 5 12 12 12 

24 15 0 15 24 8 8 9 

Cephalor id ine  0 29 28 28 Cephaeet r i le  0 24 23 23 

3 28 28 28 3 23 22 23 

5 27 27 27 5 23 22 23 

24 26 25 26 24 18 17 20 

The  n u m b e r s  are  d i a m e t e r s  of i nh ib i t ion  zones in  m m ;  i n c u b a t i o n  t e m p e r a t u r e  30 ~ 

Tab le  II .  Copper  d e g r a d i n g  effect  on  cepha log lyc in  a n d  S K  & F 44065 a n d  i ts  p r o t e c t i o n  wi th  m e t a l  che l a t i ng  agen t s  

C o m p o u n d  S a m p l i n g  CuSO 4 (~zg/ml) C o m p o u n d  

T ime  (h) 0 10 5 1 
S a m p l i n g  CuSO~ (~xg/mI) 
Time  (h) 0 10 5 

Cepha log lyc in  0 27 ~ 27 26 26 S K & F 44065 0 25 

(4 [xg/mI) 1 27 9 15 22 (4 ~g/ml)  1 25 

2 27 0 0 20 2 25 

3 26 0 0 18 3 24 

5 23 0 0 0 5 23 

24 20 0 0 0 24 16 

Cepha log lye in  0 27 26 27 26 S K  & F 44065 0 25 

(4/xg/ml + 1 26 26 27 27 (4[xg/ml + 1 25 

eup r imine  2 27 27 27 27 cup r imine  2 25 

10 ~zg/ml). 3 28 28 27 28 10 ~zg/ml) 3 25 

5 24 24 24 25 5 22 

24 21 20 24 21 24 19 

Cepha iog lyc in  0 27 26 27 27 S K  & F 44065 0 25 

(4 ~xg/mI + 1 26 26 27 27 (4 ~og/ml ~- 1 25 

oxine  2 27 28 28 27 oxine  2 25 

10 ~.g/mI) 3 27 27 28 27 10 [zg/mI 3 25 

5 24 24 24 24 5 23 

24 20 0 23 20 24 16 

Cepha log lyc in  0 27 25 26 26 S K  & F 44065 0 25 

(4 ~ g / m l  -k 1 27 26 27 27 (4 ~zg/ml + 1 25 

E D T A  2 27 27 28 28 E D T A  2 25 

10 [xg/ml) 3 27 27 28 28 10 ~xg/ml) 3 26 

5 26 26 26 27 5 26 

24 21 0 23 22 24 20 

22 23 24 

11 16 2 i  

0 0 21 

0 0 20 

o 0 0 

o 0 0 

24 25 25 

23 25 25 

24 24 25 

25 25 25 

23 23 24 

22 23 20 

24 25 25 

24 25 25 

25 25 25 

26 26 26 

22 23 24 

17 23 18 

24 25 25 

24 25 25 

25 25 25 

26 26 26 

25 26 26 

22 23 19 

The  n u m b e r s  r ep resen t  zones of inh ib i t ion  in r a m ;  i n c u b a t i o n  t e m p e r a t u r e  30~ 
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Table iII. Effect of cupric ions on experimental oral therapy with cephaloglycin and SK & F 44065 in mouse infected with E. coli 

Compound Dissolved in (and administered oraIly) EDs0 (mg/kg) 
Exp. 1 Exp. 2 

Cephaloglycin Saline 6.2 15.5 
CuSO 4 solution (1 [zg/ml) 48 42 
D-Penieillamine (euprimine) (5 ~xg/ml) 22 -- 
CuSO 4 (1 txg/ml) + cuprimine (5 [zg/ml) 12 -- 

Saline 7.5 9.5 
CuSO 4 solution (1 p.g/ml) 35 25 
D-Penicillamine (cuprimine) (5 [xg/ml) 9 -- 
CuSQ (1 b~g/mI) + cuprimine (5 ~g/ml) 9.2 -- 

S K & F 44065 

The  d a t a  in Tab le  11 d e m o n s t r a t e  t h a t  cepha log lyc in  
and  S K  & F 44065 [3- (5-methyl - l ,  3 ,4- th iadiazol -2-  
y l th iome thy l ) -7 -  (phenylg lyc ine  ace tamido) -  3-cephem-4-  
ca rboxyl ic  acid], a n o t h e r  p h e n y l g l y c i n e - t y p e  cephalo-  
spor in  b e h a v e  s imilar ly .  T he  degrad ing  effect  of increas ing  
c o n c e n t r a t i o n s  of cupric  ion a n d  t h e  n e u t r a l i z a t i o n  of th i s  
effect  b y  d i f fe ren t  che la t ing  agen t s  is shown  for b o t h  
cephalospor ins .  

The  r a t e  of hyd r o l yz i ng  effect  of cupr ic  ion on  va r ious  
pheny lg lyc ine - t ype  cepha lospor ins  was found  to be a 
f u n c t i o n  of t h e  s u b s t i t u e n t  a t  t he  3-posi t ion of t he  
cepha lospor in  nuc leus  a n d  also was inf luenced  b y  sub-  
s t i t u t i o n  on  t he  phe l ly lg lyc ine  moie ty .  The  resu l t s  
o b t a i n e d  w i t h  a larger  n u m b e r  of pheny l g l yc i ne - t ype  
cepha lospor ins  will be p u b l i s h e d  in de ta i l  elsewhere.  
The  deg rad ing  effect  of CuSO4 on t h e  an t in l i c rob ia l  
a c t i v i t y  of cepha log lyc in  a n d  S K  & F 44065 was found  
also in mouse  in a n  in fec t ion -p ro t ec t ion  as say  w i t h  
E. colt (Table  111) The  EDs0 va lues  of t h e  2 c o m p o u n d s  
are  s ign i f i can t ly  increased  (loss of po tency)  w h e n  t h e y  
were dissolved in CuSO 4 so lu t ion  (1 ~g/ml)  a n d  ad-  
min i s t e red  ora l ly  to  mice. T he  s i m u l t a n e o u s  a d d i t i o n  of 
D-penici l lamine is able  to  c o u n t e r a c t  th i s  effect  of cupr ic  
ion. 

These  e x p e r i m e n t s  c lear ly  d e m o n s t r a t e  t h a t  t he  ora l ly  
ac t ive  pheny lg lyc ine - t ype  s e m i s y n t h e t i c  cepha lospor ins  
(bu t  no t  t h e  o the r  types)  are  i n a c t i v a t e d  b y  cupr ic  ion 
as are the  penici l l ins.  The  impl i ca t ions  of these  f ind ings  
t o u c h  severa l  aspec ts  of cepha lospor in  r e sea rch  inc lud ing  
bioassay,  s t ab i l i ty ,  f o r m u l a t i o n  a n d  e x p e r i m e n t a l  a n d  
cl inical  t r ia ls .  

Rdsumd. Toutes  les p6nici l l ines son t  d6grad6es p a r  les 
ions de cuivre  avec  la f o r m a t i o n  d ' ac ide  p6nici l loique.  
Par ro t  les c6pha lospor ines  d e m i s y n t h 6 t i q u e s  seuls les 
d6riv6s c o n t e n a n t  du  ph6ny lg lyc ine  son t  sensi t ives  
l ' e f fe t  d 6 g r a d a n t  du  cuivre.  La  D,p6nic i l lamine  est  
capab le  de le con t reca r re r .  
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Frequency of Hypocatalasemia in a Sample of Spanish Population 

Accord ing  to  NISHIMURA et  aI. 1, i nd iv idua l s  whose  
ca t a l a t i c  a c t i v i t y  in b lood is be low t he  n o r m a l  r ange  
m u s t  be  cons idered  as hypoca ta l a t i c s .  AEBI et  a l  * h a v e  

. de t ec t ed  in a screening s t u d y  ac t iv i t i e s  v a r y i n g  f rom 16 to  
85% of t he  n o r m a l  levels.  I n v e s t i g a t i o n s  car r ied  ou t  b y  
TAKAHARA et  al.8; HAMILTON et  al.4; AEBI et  al. ~ a n d  
BAUR 6, sugges t  t h a t  one or more  au to somic  c o d o m i n a n t  
genes w i t h  va r i ab l e  expres s iv i ty  inc lud ing  0 (recessive) are 
respons ib le  for th i s  defect  (TAI~AI-IARA et  al. a). So far, d a t a  
on  t he  f r equency  of th i s  def ic iency in d i f fe ren t  h u m a n  
groups  are v e r y  scarce. There  are ava i l ab le  d a t a  on ly  o n  
p o p u l a t i o n s  f rom Asia  (TAKAHARA 7 in  AEBI s) Swi t ze r l and  
(AEBI 2) a n d  a J ewi sh  f ami ly  f rom I r a n  (SzEINBERC 
et  al~ s). 

The  ob jec t  of th i s  s t u d y  is t he  d e t e r m i n a t i o n  of hypo-  
c a t a l a semia  f r equency  in a sample  of t he  span i sh  popu la -  
t ion.  

A t o t a l  of 1%009 spec imens  h a v e  been  s am p l ed  f rom 
sub jec t s  v i s i t ing  t h e  A m b u l a t o r i o  'Ped ro  Gonza lez  
Bueno ' ,  all of t h e m  l iv ing  ill t h e  E a s t e r n  areas  of Madr id ,  
m o s t  of t h e m  i m m i g r a n t s  f rom o the r  s pan i s h  p rov inces  
(77% f rom S o u t h e r n  a n d  17% f rom t h e  N o r t h e r n  

Cas t i l ian  p l a t eau  a n d  6% f rom the  s u r r o u n d i n g  p rov inces  
or even  of m i x e d  origins).  

Methods. A sample  of 2 ml  of b lood f ronl  eve ry  sub jec t  
was  mixed  w i t h  0.5 ml  of a 3.8% c i t r a t e  solut ion.  Before  
ana lys i s  t h e  b lood  was k e e p t  a t  r oom t e m p e r a t u r e  for 
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