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Such an a l te ra t ion  could lead to a pellagra-l ike syndrome  ~4, 
behaviora l  depress ion 25, and  changes  in sleep p a t t e r n s  26 
in t he  infected host .  Moreover,  some of the  paras i te  
metabol i tes ,  such as t ryp topho l ,  m a y  have  toxic  or 
soporific effects of the i r  own2~-29. 

Rdsumd. La t r ans fo rma t ion  du t r y p t o p h a n e  en t r y p t o -  
phol  chez le t r y p a n o s o m e  consiste  en une t r a n s a m i n a t i o n  
suivie par  une d6carboxyla t ion  ; une r6duct ion  subs6quente  
est  p robab le  mais  n ' a  pas  6t6 prouv6e. La t r a n s a m i n a t i o n  

requier t  l 'c~-ketoglutarate; la convers ion du t r y p t o p h a n e  
en indole- lac ta te  requier t  le N A D H .  L ' indole-ac6ta te  est  
un au t re  p rodui t  du m6tabol i sme du t r y p t o p h a n e .  
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Creatine Phosphokinase Activity in Human Polymorphonuclear Leukocytes 

I t  is general ly accepted  t h a t  there  are m a n y  similar i t ies  
be tween  the  mechan i sm of muscular  con t rac t ion  and  cell 
mot i l i ty .  I-IUXLEY 1 has recent ly  po in ted  out  t h a t  the  
molecular  s t ruc tures  and mechan i sms  for cell m o v e m e n t  
resemble  those  of muscle fibre cont rac t ion .  This v iew is 
fu r ther  subs t an t i a t ed  by  our  p re sen t  f inding t h a t  h u m a n  
po lymorphonuc lea r  leukocytes  possess a cy top lasmic  
creat ine phosphokinase ,  an enzyme t h a t  is essent ia l  for 
the  no rma l  con t rac t ion  of t he  muscular  fibre. 

Leukocytes ,  hav ing  cont rac t i le  s t ruc tures  ~, could also 
be a conven ien t  means  to  inves t iga te  he red i t a ry  muscular  
diseases, as for ins tance  Duchenne  muscular  dys t rophy .  
This  disease, one of the  mos t  severe h u m a n  myopa th ies ,  
shows sex inher i tance  character is t ics  3 and is general ly 
regarded as a p r i m a r y  m y o p a t h i c  process  4, a l though  
some au thors  have  pos tu la t ed  a p r i m a r y  neurona l  
abnormali tyS,% We have  now s tudied  the  proper t ies  of 
leukocyte  creat ine  phosphok inase  isolated f rom b o t h  
nornla l  and dys t roph ic  subjec ts :  no s ignif icant  differences 
have  been found,  however ,  be tween  the  enzymes  f rom 
the  two sources 

Table 1. Specific activity of polymorphonuclear leukocyte-creatine 
phosphokinase from different subjects 

Spec. activity 
(Units/mg protein) 

Healthy volunteers 1 0.55 
2 0.62 
3 0.57 
4 0.50 

Dystrophic L.C. 0.57 
T.C. 0.61 
R.R. 0.50 
P.G. 0.60 

Mothers (carriers) L. and T.C. 0.64 
R.R. 0.54 
P.G. 0.66 

The specific activity of creatine phosphokinase from crude extracts 
of leukocyfes from healthy volunteers, 4 patients (two brothers) 
affected by Duehenne muscular distrophy, and their mothers, was  
determined as described under material and methods. 

Materials and methods. Venous  blood samples  of 4 
normal ,  4 dys t roph ic  subjects  and  3 h ea l t h y  carriers  of the  
Duchenne  d y s t r o p h y  (represented by  the  mo t h e r s  of the  
4 pat ients )  were used. The clinical diagnosis  of Duchenne  
m y o p a t h y  for the  4 pa t i en t s  (R.R.,  T.C., L.C., and  P.G.,  
which  were respec t ive ly  7, 9, 10 and 14 years  old) was 
conf i rmed also by  the  resul t  of the  e l ec t romyograph ic  
analysis.  

Po l y mo rp h o n u c l ea r  leukocytes  were ob ta ined  f rom 
freshly drawn,  hepar in ized  blood. Separa t ion  of granulo-  
cytes  f rom red ceils and l y m p h o c y t e s  was  carr ied ou t  by  
sed imen ta t ion  ill gelat in  followed by  di f ferent ia l  centr i fu-  
ga t ion  according to the  m e t h o d  of YAM et al.~: 20 ml  of 
blood yie lded ap p ro x i ma t e l y  11-12 • 10 ~ of 90-95% pure  
po lymorphonuc lea r  leukocytes ,  t h a t  were s tored at  
- -20~  unt i l  handl ing.  The lysis of leukocytes  was 
ob ta ined  by  freezing at  - -40~  and  t h aw i n g  at  37~ 
3 t imes  in tile presence of 1 ml  of saline solut ion 7. Tile 
suspens ion  was cent r i fuged a t  20,000 •  for 20 rain and  
to the  clear supe rna t an t ,  con ta in ing  crea t ine  phospho-  
kinase ac t iv i ty ,  4 mg /ml  of a lbumin  to  increase the  p ro te in  
concen t ra t ion  were added.  P ro t e in  was t h e n  p rec ip i t a t ed  
by  add i t ion  of 326 mg of a m m o n i u m  sulfate per  ml  of 
solution.  The precipi ta te ,  collected by  cent r i fugat ion ,  was 
dissolved in 0.5 ml  of 0.05 M tris ace ta te  con ta in ing  1 m M  
EDTA,  p H  7.2. Tile a m m o n i u m  sulfate f rac t ion  was  
a lmos t  free of myokinase ,  which  in ter fered  in the  deter-  
mina t ion  of creat ine phosphok inase  ac t iv i ty .  Creat ine 
phosphok inase  was assayed spec t ropho tome t r i ca l ly  ac- 
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Fig. 1. Reciprocal plot of initial velocity against creatine phosphate 
concentration at a series of different pH values. The samples (1 hal) 
contained 2.5 mUnits of creatine phosphokinase (ammonium sulfate 
fraction) from normal subjects, ereatine phosphate as indicated and 
0.08 M glycylglycine buffer pH 6.0, (0); pH 7.0, (�9 pH 7.35, (• 
and pH 8.0 (A). Other conditions were as reported under methods. 
Initial velocity is expressed as txmoles of NADPH formed per min. 
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Fig. 2. Effect of pH on the Km and V of creatine phosphokinase from 
normal subjects. Data were taken from Figure 1. Maximal velocity is 
expressed as mnoles of NADPH formed per min. 

cord ing  to  the  procedure  of NIELSEN and  LUDVIGSEN s, 
which  measured  the  fo rma t ion  of A T P  in the  forward 
reac t ion  by  following the  r educ t ion  of N A D P ,  a t  340 nm. 

The reac t ion  mi x t u r e  (1 ml) con ta ined  0.08 M glycyl-  
glycine buffer,  p H  7.4 ; 0.1 m M  E D T A  ; 10 m M  magnes ium 
ace ta te ;  2.5 m M  A D P ;  5 m M  glucose; 0.2 m M  N A D P ;  
2 ~g each of glucose 6 -phospha te  dehydrogenase  and 
hexokinase  and  5 m M  creat ine  phospha te .  

The in ter ference  of myokinase  was e l imina ted  by  
subs t rac t ing  the  a m o u n t  of A T P  produced  in contro l  
samples,  w i thou t  creat ine phospha te ,  f rom t h a t  p roduced  
in the  comple te  assay sys tem.  1 uni t  of the  enzyme  was  
def ined as the  a m o u n t  t h a t  will p roduce  1 ~mole of A T P  
per  rain under  t he  above condi t ions .  P ro te in  concent ra-  
t ion  was de t e rmined  by  the  m e t h o d  of LOWRY et al. 9. 

Results and discussion. Crude ex t rac t s  of c rea t ine  ' 
phosphok inase  f rom normal  dys t roph ic  subjects  and  
hea l thy  carriers of the  Duchene  dys t roph ic  ( represented 
by  the  mothe r s  of the  4 pat ients) ,  showed an ident ical  
specific ac t iv i ty  (Table I). 

A compara t ive  kinet ic  s tudy  of creat ine phosphok inase  
ob ta ined  f rom the  normal  and  the  dys t roph ic  subjec ts  
was carried out  on the  a m m o n i u m  sulfate f rac t ion  of the  
enzyme.  The resul ts  wi th  the  normal  subjects  are shown in 
Figures  1 and 2. p H  o p t i m u m  was at  p H  7.2 (Figure 2B). 
K m  increased f rom 6.2 m M  at  p H  6.0 to 20 m M  at  
p H  6.8 and decreased again to 6.5 m M  at  p H  8.0 (Figure 
2 B). Similar  values of the  K m  were found for the  enzyme  
from dys t roph ic  subjects .  This is shown in Table  II .  

Unl ike  creat ine  phosphoki l iase  f rom muscle,  leukocyte  
creat ine  phosphok inase  f rom b o t h  normal  and  dys t roph ic  
subjec ts  exh ib i t ed  a ve ry  na r row p i t  range  of s tabi l i ty ,  
f rom p H  6.8 to  7.3, when  s tored  at  0 ~ Alkaline m e d i u m  
inac t iva t ed  ve ry  rap id ly  the  enzyme  f rom leukocytes ,  
while muscle  kinase was comple te ly  s table  1~ Low 
concen t ra t ions  of E D T A  were required to  avoid for tu i tous  
loss in ac t iv i ty  dur ing  storage.  Leukocy te  creat ine  
phosphok inases  f rom normal  and  dys t roph ic  subjects  
were also equal ly  sensi t ive  to  hea t  dena tu ra t i on  a t  p H  7.0 
(Figure 3). Exposu re  for 10 min  to t e m p e r a t u r e  up to 
47 ~ decreased only s l ight ly  the  ca ta ly t ic  ac t iv i ty  (20%); 
exposure  to h igher  t e m p e r a t u r e s  was on the  con t r a ry  
m u c h  more  effective,  and  comple te  inac t iva t ion  was 
ob ta ined  at  60 ~ 

To our knowledge this  is the  first  r epor t  on the  pre-  
sence of creat ine  phosphok inase  in mot i le  ceils. This  
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TaMe If. Michaelis constant, for creatine phosphate, of leukocyte 
creatine phosphokinase from normal and dystrophic subjects 

Km for creatine phosphate 

pH Normal Dystrophic 

Fig. 3. Heat denaturation of leukocyte ereatine phosphokinase from 6.0 normal and dystrophic subjects. The samples (0.5 ml) contained 
0.036 Unit of creatine phosphokinase (ammonium sulfate fraction) 7.0 
from the 2 source, dissolved in 0.05 M tris-acetate, containing i mM 7.35 
EDTA, pH 7.0. Protein concentration was 1 mg/ml. After heating 8.0 
for 10 rain at the temperatures indicated, the samples were imme- 
diately chilled, and assayed for the catalytic activity as described 
under methods. Normal (�9 and dystropie (O) subjects. 

6.3 mM 6.0 mM 
18.0 mM 17.0 mM 
10.0 mM 11.0 mM 
6.6 mM 6.5 mM 

Experimental conditions were as described ill Figure 1. 
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obse rva t i on  f u r t h e r  emphas izes  t he  f u n c t i o n a U  a n d  
s t r u c t u r a l  2 s imi lar i t ies  b e t w e e n  mot i le  a n d  m u s c u l a r  cells. 
Because  of these  analogies,  cells w i t h  mot i le  a c t i v i t y  
could be  a su i t ab le  s y s t e m  t o  i nves t i ga t e  a b n o r m a l i t i e s  
a f fec t ing  t he  muscu l a r  fibre,  such  as D u c h e n n e  muscu l a r  
d y s t r o p h y .  

I n  our  inves t iga t ions ,  however ,  no di f ferences  be tween  
c rea t ine  p h o s p h o k i n a s e  f rom leukocy tes  of n o r m a l  and  
dys t roph ic  sub jec t s  ha s  been found.  T he  specific a c t i v i t y  
of t he  enzyme,  t h e  K m  a t  d i f fe ren t  pH,  t he  p H  o p t i m u m ,  
a n d  t he  r e s i s t ance  to  h e a t  d e n a t u r a t i o n  were s imi la r  
in  b o t h  cases, t h u s  i n d i c a t i n g  t h a t  d y s t r o p h i c  l eukocy tes  
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Sci. 75, 235 (1958). 

13 j .  M. S. P]EARCE, R. J. PEXNINGTOX and J. N. WOLTON, J. Neur. 
Neurosurg. Psycbiat. 27, 96 (1964). 

is j .  C. DREYFUS and G. SCHAPIRA, Biochemistry o/ Hereditary 
Myopathies (Charles Thomas, Springfield, Ili. 1962). 

14 R. PALMIERI, H. KENT]EL, H. JAGOBS, K. OKAB]E , R. YulE, F. 
ZIT]ER, F. TYL]ER and S. A. Ku~Y, Fedn. Proc. Abstr. 30, 1255 
(1971). 

15 This work was supported by the grant No. CT72.00768.04 of the 
Italian Consiglio Nazionale delle Ricerehe. 

con t a in  n o r m a l  a m o u n t s  of n o r m a l  c rea t ine  phospho -  
k inase  molecules.  

Th i s  las t  p o i n t  seems to  exc lude  the  l eak ing  of c rea t ine  
p h o s p h o k i n a s e  f rom the  leukocytes ,  a t  va r i ance  w i t h  
the  dys t roph ic  muscle  n - ~ .  T h u s  t he  p o s t u l a t e d  a l t e r a t i o n  
of m e m b r a n e  p e r m e a b i l i t y  to  c rea t ine  p h o s p h o k i n a s e  
seems to be  r e s t r i c t ed  to t he  d y s t r o p h i c  muscu l a r  f ibre  
a n d  no t  e x t e n d e d  to  t he  leukocyte .  Similar ly ,  t he  r ecen t l y  
r epo r t ed  s t r u c t u r a l  a l t e r a t i o n  of t he  c rea t ine  molecule  in  
h u m a n  d y s t r o p h y  14 seems to  be  r e s t r i c t ed  to  t he  muscle  
fibre.  Muscu la r  and  l eukocy te  p h o s p h o k i n a s e s  m u s t  
the re fore  be  u n d e r  i n d e p e n d e n t  gene t ic  control~5. 

Riassunto. Nei  leucoci t i  po l imor fonuc lea t i  umani ,  
cellule eapac i  di  m o v i m e n t i  d u r a n t e  la fagocitosi ,  g s t a t a  
o s se rva ta  la p re senza  de l l ' enz ima  c r ea t i na  fosfocinasi .  
Ques t a  g u n ' a l t r a  ana log ia  t r a  cellule forn i te  di m o v J m e n t i  
e f ibre  muscolar i .  I1 conf ron to  di  a l cune  ca r a t t e r i s t i che  
de l l ' enz ima  isolato da  leucoci t i  p r o v e n i e n t i  da  sogget t i  
sani  e dis t rof ici  n o n  r ive la  a l c u n a  d i f ferenza  s igni f ica t iva .  
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Copper  and Zinc Leve l s  in the  B l o o d  S e r u m  and U r i n e  of B i l h a r z i a l  Hepat i c  F i b r o s i s  

I n  our  p rev ious  work  on  bi lharzias is ,  t h e - u r i n a r y  
po rphyr in s ;  u ro  a nd  c o p r o p o r p h y r i n s  1, as well  as t he  
u r i n a r y  a m i n o  acids 2, were found  to  be  excre ted  in large 
a m o u n t ,  expecia l ly  in  a d v a n c e d  cases of h e p a t o  spleno- 
mega ly  pa t i en t s .  Moreover ,  i t  appea r s  f rom t he  work  of 
WATSON a n d  SCHWARTZ 3 t h a t  t h e  u r i n a r y  as well  as 
feacal  p o r p h y r i n s  nro-  a n d  c o p r o p o r p h y r i n s  are  excre ted  
as zinc complexes .  Whi l e  work ing  on  rats ,  VAN CAMPEN 
et  al. 4 found  t h a t  t he re  is a n  i n t e r r e l a t i o n s h i p  b e t w e e n  
zinc c o n c e n t r a t i o n  and  copper  abso rp t ion .  Therefore ,  
i t  appea r s  of in t e res t  to  s t u d y  t he  s e rum a n d  u r i n a r y  
level  of b o t h  zinc a n d  copper  in  b i lha rz ia l  hepa t i c  fibrosis,  
a n d  to  compa re  w i t h  t he  resul t s  o b t a i n e d  f rom n o r m a l  
h e a l t h y  indiv iduals .  

Materials and methods. 25 pa t i en t s ,  17 a d u l t  males  and  
8 a d u l t  females,  in  d i f fe ren t  s tages  of b i lha rz ia l  hepa t i c  
f ibrosis  were selected for th i s  s tudy .  These  cases were 
sub jec t ed  to  t h o r o u g h  cl inical  e x a m i n a t i o n ,  l iver  f unc t i on  
tests ,  t o t a l  p r o t e i n  as well  as d i f fe ren t ia l  b lood  se rum 
p ro t e ins  were e s t i m a t e d  b y  electroptloresis .  Se rum a n d  
u r i n a r y  zinc and  copper  levels were d e t e r m i n e d  in  t he  
p a t i e n t s  s tud ied  and  c o m p a r e d  w i t h  t he  resu l t s  o b t a i n e d  
f rom 10 n o r m a l  indiv iduals .  

D e t e r m i n a t i o n  of se rum a n d  u r i n a r y  zinc a n d  copper  
was p e r f o r m e d  accord ing  to  t h e  m e t h o d  of WILLIS 5, us ing  
t h e  a t o m i c  a b s o r p t i o n  s p e c t r o p h o t o m e t e r  S P  90 A. 

Results. The  Tab le  ind ica tes  t he  r ange  a n d  ave rage  
va lues  of se rum a n d  u r i n a r y  zinc a n d  copper  of t he  s tud ied  
b i lha rz ia l  pa t i en t s ,  c o m p a r e d  w i t h  t he  resu l t s  o b t a i n e d  
f rom 10 n o r m a l  h e a l t h y  ind iv idua ls .  N o r m a l  s e rum zinc 
r anges  f rom 105 to  208 a n d  t he  ave rage  found  was 185 
~xg/100 ml.  I n  u r ine  t h e  r ange  lies b e t w e e n  0.185 and  
0.610 mg/24  h, whi le  t he  m e a n  u r i n a r y  zinc recorded  was 
0.400 rag/24 h. N o r m a l  S e r u m  copper ,  however ,  r anges  
f rom 65-190 ~g/100 ml  a n d  the  m e a n  va lue  125 ~xg/100 ml.  
U r i n a r y  copper ,  however ,  va r i ed  f rom t races  to  0.027 w i t h  
a m e a n  v a l u e  of 0.016 m g  pe r  day.  
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Range and average values of urinary and blood serum zinc and copper of normal controls and patients studied 

Cases Zinc Copper 

Serum (ttg/100 ml) Urine (mg/24 h) Serum (~xg/100 ml) Urine (mg/24 h) 

Normal control 
Range 105 208 0.185-0.610 65-190 0.000-0.027 
Mean 4- S.E. 185 ~ 9 0.400 d= 0.05 125 4- 15 0.016 • 0.002 

Bilharzia hepatosplenomegaly 
Range 112 890 0.200-1.800 90-800 0.000-0.070 
Mean 4- S.E. 341 4- 38 1.113 4- 0.2 338 4- 31 0.021 4- 0.003 


