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e x t r a c t  was  done b y  ti le B i se r t  t w o- d i m ens i ona l  p a p e r  
c h r o m a t o g r a p h y  m e t h o d  5 us ing  in t h e  f i rs t  d i r ec t ion  
(ascending d imens ion ) :  t o l uene - py r i d i ne - e t hy l ene  chlor-  
h y d r i n  (2ch lo roe thano l ) - ammon ia  0.8 N a t  t he  r a t e  of 
5 :3 :  1.5: 3. I n  t he  second d i rec t ion  for  descend ing  
c h r o m a t o g r a p h y  w i t h  a so lven t  sys t em cons is t ing  of a 
1.5 M p h o s p h a t e  buffer  of p H  6 : 1  M NaH2PO 4, 0.5 M 
Na2HPOa;  i.e. 138 g of N a H @ O  4 H 2 0  and  71 g Na~HPO4 
pe r  1. 

I n  order  to  o b t a i n  nn ivoca l  results ,  t he  D N P  amino  acid 
de r iva t ives  were e lua ted  w i t h  i n d e p e n d e n t  m e t h a n o l  and  
1% Na~COa, and  also sub jec t ed  to  r e c h r o m a t o g r a p h i c  
process  us ing  w a t e r  s a t u r a t e d  b u t a n o l  (according to  
MELLON, KORN] HOOVER'). R e c h r o m a t o g r a p h y  was 
car r ied  ou t  para l le l  to  amino  acid s t a n d a r d s  for ident i f ica-  
t i on  purposes .  

Results. By t h e  m e t h o d  of t w o- d i m ens i ona l  c h r o m a t o -  
g r a p h y  (ascendance  and  descendance)  us ing  hyd raz ino ly se  
t echn ique ,  c o m p o u n d s  were  ob ta ined ,  one of wh ich  RI  

Comparison of Rf value examined and standard DNP amino acids 

Amino acids Rf 

Di-DNP Tyr 0.78 
DNP Leu 0.74 
DNP I1e 0.73 

Di-DNP-Lys 0.72 
DNP-Phe 0.71 
DNP-Met 0.65 
DNP-Val 0.68 
DNP-X 0.74 

X-examined amino acid 

co r responded  to  d in i t r opheny l ,  whi le  t h e  other ,  a l t h o u g h  
twice  sub jec t ed  to  c h r o m a t o g r a p h i c  analysis ,  c o m p a r e d  
w i t h  s t a n d a r d  amino  acids t u r n e d  ou t  to  be  D N P  leucin. 
The  Tab le  shows RI  D N P  amino  acids c o m p a r e d  w i t h  t he  
un iden t i f i ed  C- t e rmina l  amino  acids. On F igure  1 are 
shown 2 D N P  a m i n o  acid spots :  d i n i t r o p h e n y l  and  D N P  
leucine. F igure  2 shows t he  resul t s  of t h e  d iv i s ion  of 
r e c h r o m a t o g r a p h i c  s t a n d a r d s  of D N P  amino  acids a n d  
t h e  ana lyzed  D N P  amino  acids. 

Discussion. On the  basis  of analys is  car r ied  ou t  on  
C- t e rmina l  amino  acids of asperg i l lopep t idase  AI, a 
D N P - d e r i v e d  a m i n o  acid was ob ta ined .  Th i s  was  found  
to  be  leucine.  Th i s  resu l t  suggests  t h a t  t h e  i so la ted  
e n z y m e  possesses two iden t ica l  C- t e rmina l  a m i n o  acids, 
if we assume  t h a t  t he  molecule  h a s  a two cha in  s t ruc ture .  
I t  m a y  be  t h a t  t h e  e n z y m e  has  1 p o l y p e p t i d e  cha in  of 
b r a n c h e d  s t ruc tu re .  This  is i nd i ca t ed  b y  t he  presence  of 
two N - t e r m i n a l  a m i n o  acids. 

Rdsumd. Nos obse rva t ions  c o n c e r n e n t  la d 6 t e r m i n a t i o n  
de groupes  C - t e r m i n a u x  d ' a spe rg i l lopep t idase  Af ex t r a i t e  
de la cu l tu re  d'Aspergillus/umigatus. Nous  avons  util is6 
la  t e c h n i q u e  de l ' hyd raz ino lyse  et  avec  la c h r o m a t o g r a p h i e  
a l t e r n a n t e  et  d6mon t r6  que  la leucine cons t i t ue  u n  amino-  
acide C- terminal .  
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N a c h w e i s  v o n  r a d i o a k t i v e n  A m i n o s ~ i u r e n  i m  K o l l a g e n  n a c h  G a b e  y o n  P r o l i n - C  t4 

Eigene  U n t e r s u c h u n g e n  h a b e n  ergeben,  dass  im K 6 r p e r  
der  R a t t e  aus  d e m  Pro l in  n i c h t  n u t  H y d r o x y p r o l i n  u n d  
Glu tamins~ure ,  sonde r n  auch  Glykokoll ,  Alanin ,  Ser in  
u n d  T h r e o n i n  e n t s t e h e n  1. B e k a n n t e r w e i s e  h a n d e l t  es s ich  
u m  Aminosguren ,  die im Kol lagen  fes tzus te l Ien  sind.  Es  
e rg ib t  s ich die Frage ,  inwiefern  sie n a c h  Prolin-C~4-Gabe 
im e rwi ihn ten  Sk le ropro te in  erscheinen.  

Material und Methode. Miinnliche,  ca. 120 g schwere  
S p r a g u e - D a w l e y - R a t t e n  b e k a m e n  je 500 ~Ci L-Prol in-  
U-C 1~ (spez. Akt ivi t~i t  209 mCi/mMol)  i.p. u n d  w u r d e n  3, 
24, 48 und  72 h sp~iter g e t 6 t e t  Die frei  yon  H a s t e n  u n d  
F e t t  p r~pa r i e r t e  I-Iaut ebenso  wie die Schw anzs ehne  der  
Tiere  w u r d e n  ge t r enn t ,  gewaschen,  in  0,5 M N a t r i u m -  
aze t a tpu f f e r  homogenis ie r t ,  in  der  1Kiilte geschi i t t e l t  u n d  
bei  2000 u p m  z e n t r i f u g i e r t  N a c h  D e k a n t i e r u n g ,  noch-  
mal iger  Gabe  yon  N a t r i u m a z e t a t ,  36 h be i  5 ~ Sch i i t t e ln  
u n d  ansch l iessender  Zen t r i fug ie rung  wurde  der  Rfick- 
s t a n d  rn i t  Z i t r a t p u f f e r  (pH 4,3) 72 h be i  5 ~ geschi i t te l t .  
Den  f i l t r i e r t en  E x t r a k t  zen t r i fug ie r t en  wir  bei  50 000 xg .  
Ansch l iessend  wurde  der  t 3 b e r s t a n d  in 0,02 M N a 2 H P O  4 
Puf fe r  be i  5 ~ r u n d  3 Tage  lang  d ia lys ie r t  ~. Der  w ~ h r e n d  
der  Dia lyse  e n t s t a n d e n e  Niedersch lag  war  l i ch t m i k ro -  
skopisch  als nadel iges  E l e m e n t  zu ident i f iz ieren,  das  
e l e k t r o n e n m i k r o s k o p i s c h  die t yp i s che  S t r u k t u r  der  aus-  
gef~kllten m i t  e n t s p r e c h e n d e n  Quers t re i fen  v e r s e h e n e n  
ko l l agenen  F a s e r n  aufwies.  Die  gewaschenen  u n d  ge- 
t r o c k n e t e n  Kol lagenf ibr i l l en  ze ig ten  eine f a r  dieses 

Kollagen3,  4 cha rak te r i s t i s che  A m i n o s ~ u r e n z u s a m m e n -  
se tzung  (% ~Mol): 

Haut Sehne 

Alanii1 10,50 q- 0,23 10,77 i 0,37 
Arginin 5,66 =~ 1,36 5,14 ~2 0,39 
Asparagins~ure 4,98 ~ 0,51 5,04 :~ 0,38 
Glutamins/~ure 6,78 ~ 0,39 7,03 :~ 0,19 
Glyzin 30,77 :~ 1,46 31,60 t 0,74 
Histidin 0,65 ~[z 0,13 0,63 =L 0,23 
Hydroxylysin 0,73 4- 0,19 0,72 -~ 0,05 
Hydroxyprolin 11,95 • 1,40 11,41 -t- 1,03 
Leuzin 2,36 =E 0,27 2,40 -- 0,22 
Iso-Leuzin 1,22 q- 0,13 1,28 i 0,23 
Lysin 3,28 :~2 0,65 2,87 =~ 0,05 
Methionin 0,30 =L 0,15 0,29 ~- 0,07 
Phenylalanin 1,22 • 0,14 1,20 4- 0,03 
Prolin 11,30 i 0,42 11,87 -t- 0,22 
Serin 3,79 =~ 0,3i 3,77 ~- 0,23 
Threonin 1,93 ~ 0,29 1,95 -l- 0,15 
Tyrosin 0,29 ~ 0,11 
Valin 2,49 2L 0,42 2,26 =~ 0,29 
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Verlauf der spez. Aktivitaten tier nach Prolin-C14-Gabe (1 lxCi/g KSrpergewichl) markierten Aminos~iuren im Kollagen. 

N a c h  I so l i e rung  ei i lzelner Aminos/~uren aus  der  h y d r o -  
lys ier te i l  P r / i pa r a t i on  mi t t e l s  E l u t i o n  an  der  A us t aus che r -  
harzs~tule der  U n i c h r o m a p p a r a t u r  (Beckman)  e r m i t t e l t e n  
wir  de ren  Akt iv i tXtsgeha l t .  J ede r  A k t i v i t / i t s p e a k  wurde  
zur  sicherei l  R e i n h e i t s p r i i f u n g  m i t  d e m  U n i c h r o m  ailaly- 
siert ,  u n t e r  Umst~tndeil  auch  d i i n n s c h i c h t c h r o m a t o g r a -  
I isch zwe id imens iona l  (Methano l -Ch lo ro fo rm-17% NH~; 
4 :4 :2 ;  Bu tano l -E i se s s ig  H~O; 4:1:1)  idei l t i f izier t .  Die  in  
d p m  a i lgegebene  Rad ioak t iv i t /~ t  i s t  u n t e r  Ber i icks icht i -  
gung  e iner  Tierdosis  yon  1 ~xCi C~4-Prolin/g K6rperge-  
w ich t  kor r ig ie r t  wordeil.  

ResuI ta le  u n d  D i s k u s s i o n .  Wie  die F i g u r  zeigt, is t  
be re i t s  3 h n a c h  Gabe  yon  Pro l in -C ~ im Kol lagen  der  
H a u t  u n d  Sehne  n i c h t  n u r  R a d i o a k t i v i t g t  be im  H y d r o -  
xyprol i i l ,  sonde rn  a u c h  be im  Threoni i l ,  bei  der  Glu ta -  
mins/ iure,  be im Alanin ,  Ser in  u n d  Glykokol l  nachzu-  
weisen. Die  zei tabh/~ngigen Kilrvenverl~tufe der  jewei l igen 
spezi f i schen A k t i v i t g t e n  d ieser  N a c h f o l g e p r o d n k t e  s ind  
n a h e z u  gIeich und  u n t e r s c h e i d e n  s ich n i c h t  wesen t l i ch  
yon  der  e n t s p r e c h e n d e n  K u r v e  des Prol in .  Gegent iber  der  
H a u t  s che in t  das  R a d i o a k t i v i t / i t s m a x i m u m  bei  der  Sehne  
ca. 24 h versp~itet  au fzu t r e t en .  D a n n  u i l te rsche ide i l  s ich  
die spez i t i schen  Ak t iv i t g t e i l  be i  der  Sehne  ulld H a u t  a u c h  
n i c h t  wesei l t l ich  v o n e i n a n d e r .  Es  is t  d a h e r  anz i lnehmen ,  
dass  die Ur sache  n i c h t  e ine un te r sch ied l iche ,  organge-  

b u n d e n e  Zel leis tung,  soi ldern  eine verz6ger te  Prolii i-C 14 
A u f n a h m e  di l rch  sch lech te re  D u r c h b l u t u n g  ist. 

Wie  bere i t s  aus  der  F i g u r  zu erwartei l ,  l~Lsst die pro-  
zen tua le  A k t i v i t g t s v e r t e i l u n g  (Tabelle) eine K o n s t a n z  
e rkennen ,  die yon  der  O r g a n h e r k u n f t  u n d  yon  der  Zei t  
I lnabh~tngig erscheint .  Dieser  B e f u n d  s t e h t  in  l~berein-  
s t i m m u n g  m i t  be re i t s  vo r l i egenden  in -v i t ro  U n t e r -  
s u c h u n g e n  fiber die H y d r o x y p r o l i n b i l d u i l g  yon  Knorpe l -  
zellen 5, die e rgeben  h a b e n ,  dass  die Re l a t i on  der  Rad io -  
ak t iv i t / i t  des t - Iydroxypro l in  zu der  des Pro l in  k o n s t a n t  
b le ib t .  

Die Kurvenver l / iu fe  der  F igu r  s ind bei  den  jewei l igen 
Organen  we i tgehend  ident i sch .  Sie sche inen  den  Weg  des 
r ad ioak t ive i l  Proli i ls  yore  Z e i t p u n k t  seiner  E i n s c h l e u s u n g  
in die ko l l agenproduz ie rende  Zelle bis  zu se inem Ersche i -  
nell  in  den  F a s e r n  s y n c h r o n  da rzus t e l l en  Ilnd sp rechen  
d a h e r  fiir die A n n a h m e ,  dass  die U m w a n d l i l n g  yon  
P ro l in  in  die e r w g h n t e n  Ami i los~uren  in  de r  F ib ro -  
b las tenze l le  se lbs t  erfolgt.  H i n s i c h t l i c h  des 13berganges 
y o n  Pro l in  in  Hydroxyp ro l i i l  dar f  b e m e r k t  werden,  dass  
sich dieser  V o r g a n g  zei t l ich n i c h t  yon  d e m  der  a n d e r e n  
Amii los~urei l  un te r sche ide t .  Dieses sp r i ch t  we i t e rh in  Iiir 
die Ai lnahme ,  dass  die in t raze l lu lgre  H y d r o x y p r o l i n e n t -  
s t e h u n g  in e iner  F r i i h p h a s e  de r  Kol lage i lb i tdung  s t a t t -  
f i i ldet  ~. 

Prozentuale Verteilung der Radioaktivit~it in den Aminos~iuren der 
Kollagenfibrillen nach Gabe yon prolin-C ~4 �9 

Haut Sehne 

Prolin 53,40 Jc 2,25 52,65 =t= 0,81 
Hydroxyprolin 38,39 i 4,31 39,34 ~: 1,83 
Threonin 2,22 i 0,59 2,21 :~ 0,21 
Glutamins~iure 1,67 =~ 0,45 1,95 :k 0,05 
Giyzin 1,16 =t~ 0,10 1,78 4- 0,78 
Serin 0,62 =k 0,06 0,54 ~ 0,12 
Alanin 0,80 4- 0,31 0,86 ~= 0,33 

Von der 3. bis zur 72. h nach Gabe. 

x A. RuIz-ToRREs und I. KIJERTE~, Z. Gerontol. in Druck. 
P. M. GALLOP; Archs. Biochem. 54, 487 (1955). 

a A. NORDWIG, E. ROGALL and U. HAYDUK, in Chemistry and 
Molecular Biology of the Intercellular Matrix (Ed. E. A. •ALAZS; 
Academic Press, London/New York 1970), p. 27. 

4 Ch. MITOIvIA, T. S. SMITH, F. FRIEDBERG and C. R. RAu J. 
biol. Chem. 23d, 78 (1959). 

s K. JUVA and D. J. PgocKoP, J. biol. Chem. 2d7, 4419 (1966). 
6 D. J. PROCKOP, in Chemistry and Molecular Biology o/ the Inter- 

cellular Matrix (Ed. E. A. BALAZS; Academic Press, London/New 
York 1970), p. 335. 
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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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