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Die h o h e n  spezi f ischen Akt iv i t~ t ten  des T h r e o n i n  s ind 
bemerkenswer t .  U m g e r e c h n e t  e rg ib t  sich, dass  r u n d  20% 
des T h r e o n i n g e h a l t e s  in  Kol lagen  v o m  Pro l in  s t a m m e n .  
We i t e r e  U n t e r s u c h u n g e n  sollen A u s k u n f t  t iber  diesen - 
unseres  Wissens  b isher  u n b e k a n n t e n  - Weg  im I n t e r -  
medigrs~offwechsel  des P ro l ins  geben.  

Summary,  Beside  h y d r o x y p r o l i n e  col lagen con ta ins  
q u a n t i t i e s  of g lu tamine ,  th reon ine ,  serine, a l an ine  and  
glycine, de r ived  f rom prol ine.  R e m a r k a b l y  large  quan t i -  

t ies  of t h r e o n i n e  h a v e  th i s  origine,  wh ich  suggests  t h a t  
convers ions  occur  in  t he  f ibroblas t .  

A. R~JIz-ToR~Es und  I. KCTRTEN 

StoMwechselabteilung an der Medizinischen Kl in ik  und 
Poliklinik der F U  Berlin im K l i n i k u m  Westend, 
Spandauer Datum 730, D-7  Berlin 79 (Deutschland), 
28. Februar 7973. 

Hepatic Drug Metabolizin~ Activity in Lead-Poisoned Rats ~ 

Lead  poisoning  of young  ch i ld ren  in  s lum areas  of 
m a j o r  ci t ies ~-~ ha s  p roduced  a r eawekened  in t e r e s t  in  t he  
s t u d y  of l ead- induced  b iochemica l  effects. An  ex tens ive  
l i t e r a tu re  ~ r epo r t s  a l t e r a t i ons  of a series of me tabo l i c  
processes obse rved  a f te r  acu te  or chronic  exposure  to  
ino rgan ic  lead.  

I n  par t i cu la r ,  t h e  mixed  func t ion  oxidase  sys t em of 
l iver  endop lasmic  r e t i cu lum is i m p a i r e d  in acu te  lead 
po isoning  ". The  a c t i v i t y  of t h i s  e n z y m e  sys tem,  responsi-  
ble for t he  m e t a b o l i s m  of a large n u m b e r  of xenobio t ics ,  
i s  closely r e l a t ed  to  t he  ava i l ab i l i t y  of t he  mic rosomal  
h e m o p r o t e i n  c y t o c h r o m e  P-450 ~. Lead - induced  i n h i b i t i o n  
of &amino levu l in i c  acid d e h y d r a s e  s-~~ m a y  resu l t  in  
i n h i b i t i o n  of h e m e  syn thes i s  a n d  the re fo re  in  r educed  
levels  of c y t o c h r o m e  P-450 w i t h  consequen t  i m p a i r m e n t  
of t he  mixed  func t i on  oxidase  sys tem.  

The  purpose  of t h e  p r e s en t  i n v e s t i g a t i o n  was to  
p rov ide  f u r t h e r  ev idence  for l ead- induced  modi f i ca t ions  
of hepa t i c  d rug  m e t a b o l i s m  a n d  to  d e m o n s t r a t e  a 
r e l a t ionsh ip  b e t w e e n  i m p a i r m e n t  of t h e  m i x e d  func t ion  
oxidase  s y s t e m  and  i n h i b i t i o n  of 6-aminolevul in ic  acid 
d e h y d r a s e  ac t iv i ty .  

Materials and methods. Male a lb ino  r a t s  (Sprague-  
Dawley  der ived,  CD st ra in) ,  w i t h  an  average  b o d y  we igh t  
of 160 g, were used. The  an i m a l s  were a l lowed a t  leas t  
4 days  to  acc l imat ize  to  our  a n i m a l  q u a r t e r s  and  were 
t r e a t e d  i,v. w i t h  lead n i t r a t e .  Cont ro l  groups  rece ived  
isotonic  sod ium chloride.  The  r a t s  were  ki l led b y  decapi-  
t a t i o n  b e t w e e n  09.00 a n d  10.00 h ;  t h e  l ivers  were qu ick ly  
removed ,  chi l led  in  ice-cold 0.1 M Tris-I-IC1 p H  7.5, 
pe r fused  w i t h  t h e  s ame  buf fe r  to  r e m o v e  blood,  a n d  
weighed.  All  r e m a i n i n g  p rocedures  were car r ied  ou t  a t  
0 -4  ~ unless  o the rwise  ind ica ted .  The  l ivers  were minced  
w i t h  scissors in  0.1 M Tris-PIC1 p H  7.5 and  25% (w/v) 
h o m o g e n a t e s  p r e p a r e d  w i t h  a P o t t e r - E l v e h j e m  homoge-  
nizer  h a v i n g  a p las t i c  pest le .  H o m o g e n a t e s  were  cent r i -  
fuged a t  12,000 g~, for 20 rain.  T he  pe l le t  was  d i sca rded  
a n d  t h e  p o s t - m i t o c h o n d r i a l  s u p e r n a t a n t  used for enzymic  
a n d  chemica l  assays.  C y t o c h r o m e  P-450 a n d  e n z y m e  
ac t iv i t ies  were measu red  w i t h i n  4 h a f t e r  t h e  an imal s  h a d  
been  killed. 

N - D e m e t h y l a t i o n  of a m i n o p y r i n e  was d e t e r m i n e d  b y  
measu r ing  t he  f o r m a t i o n  of t h e  i n t e r m e d i a t e  m e t a b o l i t e  
4 - a m i n o a n t i p y r i n e ~ . a n d  t h a t  of f o r m a l d e h y d e  ~. O- 
D e m e t h y l a t i o n  of p -n i t roan i so le  was assaye  d b y  t he  
m e t h o d  of NE~TER an d  SEID~L ~, as modi f ied  b y  SC~tOE~E 
e t  al. ~ for k ine t i c  de th rmina t ions .  A r o m a t i c  r ing  h y d r o -  
x y l a t i o n  was tes ted ,  m e a s u r i n g  t h e  f o r m a t i o n  of p- 
a c e t a m i n o p h e n o l  f rom ace tan i l ide  ~* a n d  t h a t  of p -amino-  
p h e n o l  f rom ani l ine  ~*. I n c u b a t i o n s  were car r ied  ou t  in  a 
Dubnof f  s h a k i n g  w a t e r  b a t h  (125 osci l la t ions/ra in)  a t  
37 ~ u n d e r  air.  A glass m a r b l e  was added  to  each  i n c u b a -  
t ion  vessel  to  fac i l i t a te  m i x i n g  of t he  c o n t e n t s  ~ .  

&Amino levu l in i c  acid d e h y d r a s e  ac t i v i t y  was m e a s u r e d  
w i t h  t he  m e t h o d  of BONSlO~ORE et  a l .~ .  Cy toch rome  
P-450 was d e t e r m i n e d  accord ing  to t he  p rocedure  
r ecen t ly  descr ibed  for h u m a n  l iver  h o m o g e n a t e s  12. 
Difference spec t ra  were recorded  w i t h  a P e r k i n - E l m e r  
350 doub le  b e a m  s p e c t r o p h o t o m e t e r  equ ipped  w i t h  a n  
e x t e r n a l  device for scale expans ion .  A Gil ford 2400 
s p e c t r o p h o t o m e t e r  w i t h  w a v e l e n g t h  p r o g r a m m e r  and  
reference  c o m p e n s a t o r  was r o u t i n e l y  used for a l t e r n a t e  
m e a s u r e m e n t s  a t  450 a n d  490 nm.  P r o t e i n  c o n t e n t  was 
e s t i m a t e d  b y  t he  m e t h o d  of LOWRY et  al. ~v; c rys ta l l ine  
b o v i n e  s e rum a l b u m i n  se rved  as t h e  reference s t anda rd .  
Lead  in l iver  h o m o g e n a t e s  and  pos t -mi tochond r i a l  
s u p e r n a t a n t s  was  d e t e r m i n e d  w i t h  t h e  d i th i zone  m e t h o d  
a f te r  d iges t ion  w i t h  n i t r i c -perch lor ic  acid ~ or b y  y- 
s p e c t r o m e t r y  in some e x p e r i m e n t s  car r ied  ou t  w i t h  lead 
n i t r a t e  labe l led  w i t h  ~~ (kindly  p rov ided  b y  t he  
I n s t i t u t e  of Phys ics ,  U n i v e r s i t y  of Milan).  P e n t o b a r b i t a l  
s leeping t i m e  was  d e t e r m i n e d  a f te r  i.v. i n j ec t ion  of 40 
m g / k g  b o d y  wt.  b y  m e a s u r i n g  t he  d u r a t i o n  of loss of t he  
r i gh t i ng  reflex. S ta t i s t i ca l  ana lys i s  was  pe r fo rmed  w i t h  
t h e  S t u d e n t  t- test ,  us ing  a t o p - d e s k  c o m p u t e r  O l ive t t i  101. 

Results and discussion. A dose d e p e n d e n t  increase  in 
l iver  we igh t  was  obse rved  in l ead-po isoned  rats .  On t he  
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Animal group Lead content Cytoehrome Aminopyrine p-Nitroanisole Acetanilide Aniline 
(~g/g liver) P-450 N-demethylase O-demethylasehydroxylase hydroxylase 

Whole liver Post-mitoch. (pmol/mg Aminoanti- Formaldehyde p-Nitrophenol p-Aeetami- p-Aminophenol 
homogenate supernatant protein) pyrine (pmoI/min/mg (pmol/min/mg nophenol (pmol/min/mg 

(pmol/min/ protein) protein) (pmol/min/ protein) 
mg protein) nag protein) 

Control (40) < 0.2 -- 218 :~ 3 112 ~ 2 3616 • 42 607 _u 7 452 ~: 5 526 :L 8 

100 Ixmoles/kg 
1 day (8) 55.8 :t_ 7.3 24.9 • 2.3 102 ~= 5 39 ~: 5 1808 -~ 70 243 ~c 11 191 el: 10 257 ~: 11 

-53% -65% -50% -60% -58% -52% 
2 day (4) 28.4 ~ 8.0 14.1 • 2.4 94 -L 11. 29 ~: 7 1519 -t- 102 201 J: 24 167 ~: 19 225 :L 18 

--57% --74% --58% --67% --63% --58% 
3 day (4) 14.0 :L 1.5 8.9 =L 0.6 153 -~ 15 49 =t: 6 2206 :~ 195 316 :t: 36 271 :t: 23 338 ~: 29 

--30% --56% --39% --48% --40% --37% 
5 day (4) 5.3 ::l: 0.6 2.8 :~ 0.2 182 :t:: 18 86 ::t:: 10 2857 ~ 236 504 -[_ 54 375 :t: 31 461 :t::: 42 

--16% --23% --21% --17% --17% --14% 
7 day (4) 3.1 :~: 0.2 1.8 i 0.1 211 • 20 101 -E 12 3290 :~ 232 570 ~: 51 434 J: 36 542 -t: 47 

- -  3 %  - - 1 0 %  - -  9 %  - -  6 %  - -  4 %  + 3 %  

50 lxmoles/kg 29.4 :L 1.3 15.2 :t= 0.7 126 :t- 6 53 :t: 3 1916 ~: 83 297 =L 13 280 :t: 15 306 J: 13 
1 day (8) --43% --53% --47% --51% --38% --43% 

10 ~moles/kg 6.5 :~ 0.3 3.2 :k 0.1 153 :L 7 81 :t: 4 2495 :L 97 449 :t: 18 339 :E 12 423 :J= 16 
1 day (8) --30% --28% --31% --26% --25% --21% 

All values are means == S.E. ; number of animals given in pareniheses. 

f i rs t  day  a f t e r  lead n i t r a t e  a d m i n i s t r a t i o n ,  re la t ive  l iver  
we igh t  (g l iver /100 g b o d y  wt.) was  s ign i f i can t ly  h ighe r  
t h a n  in con t ro l  an imals .  P r o t e i n  c o n c e n t r a t i o n  in t he  
p o s t - m i t o c h o n d r i a l  s u p e r n a t a n t  was s l igh t ly  reduced.  
The  increase  in l iver  we igh t  a c c o m p a n i e d  b y  a decrease  
of p r o t e i n  c o n c e n t r a t i o n  is in  good a g r e e m e n t  w i t h  
t yp i ca l  l ead- induced  pa tho log ic  a l t e ra t ions ,  cha rac t e r i zed  
b y  m i t o c h o n d r i a l  a n d  lysosomal  d a m a g e s  r e su l t ing  in 
i n h i b i t i o n  of ox ida t i ve  p h o s p h o r y l a t i o n  a n d  release of 
lysosomal  enzymes  19 

The  a m o u n t  of lead p r e s en t  in  t he  l iver  a f t e r  i .v. 
a d m i n i s t r a t i o n  of lead n i t r a t e  (10 to 100 ~ m o l e s / k g ) w a s  
dose -p ropor t iona l  a n d  decreased  w i t h  a k ine t ic  repre-  
sen ted  b y  t he  sum of 2 e x p o n e n t i a l  t e rms .  The  pos t -  
m i t o c h o n d r i a l  s u p e r n a t a n t ,  cons i s t ing  of mic rosomes  and  
cy top l a smic  soluble  f r ac t ion  of h e p a t i c  cell, c o n t a i n e d  
a p p r o x i m a t e l y  50% of t he  lead  found  in whole- l iver  
homogena t e .  H e p a t i c  c y t o c h r o m e  P - 4 5 0  a n d  d rug  
m e t a b o l i z i n g  ac t iv i t i e s  were s ign i f i can t ly  decreased  in 
l ead-po isoned  animals .  I n t e n s i t y  a n d  d u r a t i o n  of these  
changes  were dose -dependen t .  W h e n  lead n i t r a t e  h a d  
been  a d m i n i s t e r e d  a t  t he  h i ghes t  dose, b o t h  c y t o c h r o m e  
P-450 a n d  e n z y m e  ac t iv i t i e s  r e m a i n e d  reduced  for 
severa l  days.  N o r m a l  levels were r ega ined  w h e n  h e p a t i c  
lead c o n c e n t r a t i o n  fell be low 3 Ixg/g l iver.  I n  v ivo  experi-  
men t s ,  based  on  t he  d u r a t i o n  of p e n t o b a r b i t a l  s leeping  
t ime,  p r o v i d e d  f u r t h e r  ev idence  for i n h i b i t i o n  of d rug  
m e t a b o l i s m  in lead-poisoned  rats .  Narcos i s  was  signifi-  
c a n t l y  p ro longed  w h e n  i nduced  a f t e r  lead n i t r a t e  a d m i n -  
i s t ra t ion .  Thus  t h e  in  v i t r o  i n h i b i t i o n  of d r u g  m e t a b o -  
l iz ing ac t iv i t i e s  is a c c o m p a n i e d  b y  e n h a n c e d  s ens i t i v i t y  
to  t he  pha rmaco log i ca l  ac t ion  of p e n t o b a r b i t a l .  

Since s u l p h y d r y l  g roups  are i n v o l v e d  in  t he  i n t e g r i t y  
of t he  m i x e d  f u n c t i o n  oxidase  sys tem,  lead could exe r t  a 
d i rec t  ac t ion  on  d rug  m e t a b o l i z i n g  enzymes% This  
poss ib i l i ty  ha s  been  checked  b y  a d d i n g  lead n i t r a t e  to  

t he  i n c u b a t i o n  m i x t u r e s  p r e p a r e d  for t he  assay  of 
d e m e t h y l a t i n g  a n d  h y d r o x y l a t i n g  ac t iv i t i es  of con t ro l  
rats .  The  c o n c e n t r a t i o n s  of lead found  in t h e  post -  
m i t o c h o n d r i a l  f r ac t ion  of t r e a t e d  an ima l s  were no t  
suff ic ient  to  i n h i b i t  e n z y m e  activities~ Therefore,  s ince 
lead was i nac t i ve  in vi t ro ,  i t  can  be  a s sumed  t h a t  b i n d i n g  
to  f u n c t i o n a l - S H  groups  is no t  r espons ib le  for t he  
i m p a i r m e n t  of d rug  m e t a b o l i s m  in  acu te  lead poisoning.  

I t  appea r s  l ike ly  t h a t  t h e  decreased  c a p a c i t y  of t he  
mixed  func t i on  oxidase  s y s t e m  resul t s  f rom the  reduced  
a v a i l a b i l i t y  of c y t o c h r o m e  P-450. Lead  could  exe r t  i ts  
ac t ion  in v ivo  b y  decreas ing  t h e  syn thes i s  a n d / o r  increas-  
ing t h e  d e g r a d a t i o n  of t h i s  hemopro t e in .  

I n d i r e c t  ev idence  for  such  a m e c h a n i s m  of ac t ion  was 
o b t a i n e d  b y  m e a s u r i n g  &amino levu l in i c  acid d e h y d r a s e  
in b lood  a n d  l iver  of l ead-po isoned  rats .  The  a c t i v i t y  was 
p rac t i ca l l y  a b s e n t  in  t h e  f i rs t  2 days  a f t e r  t h e  an ima l s  
h a d  been  t r e a t e d  w i t h  lead n i t r a t e  (100 ~moles/kg) .  On 
t he  3rd day  t he  level  of ~-aminolevul in ic  acid d e h y d r a s e  
was on ly  28% of i t s  n o r m a l  va lue  a n d  increased  to  54% 
on t he  5 th  day,  Since t h i s  e n z y m e  a c t i v i t y  m a y  be 
r educed  to  a p p r o x i m a t e l y  1/a t he  n o r m a l  va lue  before  
h e m e  syn thes i s  is d i s t u r b e d  1~ i t  can  be deduced  t h a t  
i n h i b i t i o n  of he ine  syn thes i s  in  lead-poisoned  r a t s  
occurred  d u r i n g  t he  f i r s t  2 to  3 days  a f te r  lead admin i s -  
t r a t ion .  As a consequence ,  t h e  b io syn thes i s  of l iver  
h e m o p r o t e i n s  should  also be i n h i b i t e d  d u r i n g  t h e  same  
per iod  of t ime.  The  half- l i fe  of c y t o c h r o m e  P-450 is on ly  
22 h 2~ A p ro longed  i m p a i r m e n t  of i t s  syn thes i s  Will 
the re fore  resu l t  in  r educed  levels unless  i t s  d e g r a d a t i o n  
was c o n c o m i t a n t l y  lowered.  
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Bioehim. biophys. Acta 207, 20 (1970). 
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The  exper imenta l  resul ts  ob ta ined  in th is  inves t iga t ion  
are in good agreement  wi th  the  above proposed  mechan i sm 
of action. Conclusive evidence will be p rov ided  by  
fu r ther  exper iments ,  in which  the  ra te  of syn thes i s  of 
cy tochrome P-450 in lead-poisoned ra ts  will be measured  
direct ly  by  incorpora t ion  of labelled precursors.  

Conclusions. Inh ib i t ion  of heine synthes is  in acute  lead 
poisoning is associated wi th  i m p a i r m e n t  of the  mixed  
funct ion  oxidase  system.  Since the  ac t iv i ty  of th is  enzyme 
sys tem is an index  of hepa t ic  de tox i fy ing  capac i ty  for a 
large n u m b e r  of xenobiot ics  (drugs, pest icides,  food 
addi t ives ,  etc.), enhanced  sens i t iv i ty  to  such foreign 
chemicals  s h o u l d  be expec ted  to  occur in lead-poisoned 
organisms.  S imul taneous  exposure  to modera te ly  toxic  

organic compounds ,  e i ther  acc identa l ly  or for t he rapeu t i c  
purpose,  m a y  resul t  in unpred ic tab le  adverse  effects.  

Zusammen/assung.  Eine  Verminde rung  der Konzen-  
t r a t ion  yon  Cy tochrom P-450 sowie der Akt iv i t~ t  von 
a r zne imi t t e l abbauenden  E n z y m e n  t r i t t  in der  R a t t e n -  
leber nach  Ble ivergi f tung auf. In t ens i t~ t  und  Dauer  s ind 
dosisabh~Lngig (10-100 vmol  Pb(NO3) ~ pro kg K6rper-  
gewicht) .  

P. SCOPPA, M. ROUMENC-OIJS and  W. PENNING 

Biology Group, Euratom Joint  Research Center, 
1-27020 Ispra (Italy), 30 January  7973. 

a- l ,4-Glucosidase  Activity in Leucocytes and Lymphocytes of 2 Adult Patients 
with Glycogen-Storage Disease Type II, (Pompe's Disease) 

The glycogen�9 independen t ly  publ i shed  by  POMPE 1, 
BISCHOFF ~ andPuTSCHER a in 1932, was shown by  HERS 4 
in 1963 to  be duet�9 the  absence of ~-l ,4-glucosidase act ive 
a t  acid p H  ( 'acid mal tase ' )  (E.C.3.2.1.20). 

In  near ly  all cases of POMPE'S disease cardiac failure 
leads to dea th  wi th in  the  f i rs t  year  of life. However ,  in 
t he  las t  few years,  t h e r e  h a g e  been a n u m b e r  of descrip- 
t ions  of pa t i en t s  who regch adolescence or who  develop 
s y m p t o m s  only a t  t h a t  t ime  5-~s. Only 4 of these  adul t  
pa t i en t s  showed signs of cardiac  failure. 

In  mos t  of the  cases, where  the  c~-l,4-glucosidase activi-  
t y  was s tudied  also in leucocytes,  no ac t iv i ty  a t  p H 4  
could be de tec ted  in the  whi te  blood ceils of the  babies.  
Bu t  in some of the  adul t  pa t i en t s  wi th  absence of acid 
mal tase  in the  muscles the  ~-l ,4-glucosidase ac t iv i ty  in 
leucocytes a t  p H  40 was found  to  be wi th in  the  normal  
range ia, 1% 

�9 
o 

5. 2.50 

-~ 2.0C 
"T 

E 1.50 g 
= t0C 

_~ 0.5c 

$ 0 
5 4 5 6 7 8pH 

Variation of ~-l,4-glucosidase activity of leucocytes with pH �9169 
Control; Q--O, A.M.; A--A, M.M. 

As we have  seen in former  s tudies  (SEILER and  }{ELLE- 
T•R 20, unpub l i shed  results) t h a t  in leucocytes and lymph�9 
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~-l,4-glucosidase activity (nmoles maltose hydrolyzed]mg protein/rain) in leucocytes and lymphocytes of 2 patients with Pompe's disease 

pH 4.0 pH 4.5 

Leucocytes Lymphocytes Leucocytes Lymphocytes 

Controls (n = 20) 2.0 ~ 0.7 1.3 ~ 0.8 3.0 4- 1.0 1.9 ~ 0.8 
M.M. 0,6 0.7 0.7 0.7 
A.M. 1,1 1.4 1.2 1.4 

Leucocytes and lymphoeytes were prepared according to 2~ Conditions of assay see 2~ 


