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Summary.  Lead was given in the  die t  (1%) to ra ts  f rom b i r th  and  at  d i f fe rent  t imes  the  an ima l s  were s tudied  for de l ta  
amino levulinic acid dehyd ra t a se  (ALAD) act iv i ty ,  spleen weight ,  s9 Fe incorpora t ion  in e ry th rocy te s  and  5~Cr-labeled 
e ry th rocy tes  survival.  The increased ALAD and spleen weight  found af ter  lead t r e a t m e n t  is expla ined  as a consequence  
of a shor tened  survival,  which  resul ts  in a younger  age of circulat ing e r y t h r o c y t e s  w i th  higher  ALAD act iv i ty .  

I t  has  a lmos t  become a dogma  t h a t  lead in tox ica t ion  
depresses  de l ta  amino levulinic acid d e h y d r a t a s e  ac t iv i ty  
(ALAD) in blood ~, 3. We were the  more  as tonished  to find 
t h a t  rats,  which  received 1% of lead f rom b i r th  on, 
showed increased levels of ALAD from an age of 1 mon th .  
At  the  same t ime,  it  was no ted  t h a t  the  spleen of these  
lead- in tox ica ted  animals  had  grea t ly  increased in size. 
I t  seemed reasonable  to assume t h a t  b o t h  effects ref lect  
lead- induced changes  in e ry th rocy t e  survival ,  and  we 
have  therefore  followed incorpora t ion  and  loss of 59Fe in 
e ry throcy tes ,  and loss of 5~Cr-labeled e ry th rocy te s  a t  
d i f ferent  t imes  in ra ts  receiving lead f rom bir th .  
Methods. I m m e d i a t e l y  af ter  delivery,  the  mo the r s  and 
their  l i t ter  were given a die t  conta in ing  1% of lead as lead 
acetate .  At  d i f ferent  t imes  thereaf te r ,  blood f rom 1 
animal  of a l i t ter  was r emoved  and labeled in vi t ro  wi th  
51Cr. The labeled washed  e ry th rocy te s  toge the r  wi th  
1 txCi of 5~Fe c i t ra te  were in jec ted  i.v. to the  l i t ter  mates .  
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Fig. 1 Disappearance of 59Fe from serum (left part) and incorporation 
into erythroeytes of control and lead-treated rats. All rats of age 1-4 
months were combined in the calculation of the data. 
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Fig. 2 Disappearance of 51Cr labeled erythrocytes injected into con- 
trol and lead-treated rats. 

Blood samples  were t aken  10, 30, 60 min and  1, 2, 4, 7 
and 11 days  la ter  and  coun ted  for 59 Fe and ~lCr-gamma- 
ac t iv i ty  using a Pack a rd  Mul t ichannel  sc in t i l la t ion  
spec t rome te r  wi th  sodium iodide crystal .  The 51Cr-activity 
was correc ted  for in ter ference  by  59Fe. In  some samples  
se rum and  e ry th rocy t e s  were counted  separa te ly  to  
ascer ta in  t h a t  dur ing  the  1st h all ac t iv i ty  is in the  serum, 
and f rom day  1 on in e ry th rocy t e  hemoglobin .  Af te r  7 
or 11 days,  the  animals  were sacrificed, and bone marrow,  
spleen, k idney  and liver were counted .  A L A D  was  
de t e rmined  by  the  E u ro p ean  S t an d a rd  Method  4. The 
d a t a  shown on organ weights  and  A L A D  conta in  also 
those  f rom animals  assayed for bra in  b iochemis t ry  
(Gerber et  al., unpub l i shed  results).  
Results and discussion. Act iv i ty  of ALAD in the  blood and  
spleen weight  increase s ignif icant ly  f rom the  age of 
1 m o n t h  when  ra ts  receive lead f rom b i r th  (table). In  
addi t ion,  h e m a t o c r i t  is d imin ished  and  b o d y  g ro w t h  is 
p e r m a n e n t l y  re ta rded .  K i d n ey  weight  is s l ight ly reduced  
compared  to animals  of the  same age up to 4 months ,  and  
is marked ly  increased f rom 1 year.  If  k idney  weight  is 
re la ted to b o d y  weight ,  an increase is discernible f rom 
1 m o n t h  on. 
In  figure 1 all d a t a  on iron incorpora t ion  of animals  of 
1, 2, 3 and 4 m o n t h s  have  been combined  as no s ignif icant  
differences exis t  among  the  d i f fe rent  age groups.  The 
animals  of 1 -month  age appeared ,  however ,  to a t t a i n  
max imal  incorpora t ion  earlier (day 1) t h a n  older ones. 
Fe 59 ac t iv i ty  in se rum falls rap id ly  af ter  in jec t ion  and 
wi th  an equal  slope in control  and lead- t rea ted  animals ,  
bu t  the  in t e rcep t  wi th  the  ord ina te  is s ignif icant ly  h igher  
in the  later  ones. This  obse rva t ion  migh t  reflect  a lower 
d is t r ibu t ion  volume of iron af ter  lead t r e a t m e n t .  Incor-  
pora t ion  in e ry th rocy te s  in grea ter  and occurs a t  an earl ier  
t ime  in l ead- t rea ted  t h a n  in contro l  animals.  Fe 59 ac t iv i ty  
in e ry th rocy te s  does no t  decrease s ignif icant ly  in cont ro ls  
dur ing the  11-day obse rva t ion  period,  whereas  it decl ines 
marked ly  in the  l ead- t rea ted  ra ts  indica t ing  a shor te r  
survival  of the  e ry th rocy tes .  This  pos tu la te  is conf i rmed  
by  the  behav iour  of the  51Cr-labeled e ry th rocy tes ,  which 
also show a more  rapid  fall af ter  lead t r e a t m e n t  (figure 2). 
Signif icant ly  more  59Fe is found in spleen (102 • 15 vs 
7.06 ~- 1.36 cpm/mg)  and  liver (27.6 • 2.9 vs 5.84 • 1.18 
c p m / m g  / of lead t r e a t ed  t h a n  in contro l  rats ,  and a s imilar  
a l though  smal ler  difference is also observed  for 5zCr 
act iv i ty ,  whereas  no effect  of l e a d - t r e a t m e n t  on ac t iv i ty  
is seen in the  o the r  organs  s tudied.  The resul ts  d emon-  
s t r a t e  t h a t  l e a d - t r e a t m e n t  shor tens  marked ly  survival  of 
the  e ry th rocy t e s  and t h a t  des t ruc t ion  occurs ma in ly  in 
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Age Body weight (g) Spleen weight (rag) Kidney weight ALAD units/ml 
(months) Control Lead- Control Lead- Control Lead- erythrocytes Lead- 

treated treated treated Control treated 

Hematocrit 
Control Lead- 

treated 

0.5 36.94-1.0 23.24.3~7 1024.13 784.:t= 8 2554-77 1764.17 17.3 4-0.8 12,54.3.2 39.23=2.1 37.54-1.2 
1 60.64.t-2.2 40.6+1.6 1824-6 3183=40 3443=14 3253=13 7.66+0.44 13.73=1.20 40.23=1.0 26.5~z2.5 
2 1534-9 45.5q-5,3 3374.:t:33 7064.126 746+25 6084.1-29 3.754.0.31 11.94-2.30 44.84-1.3 27.53=2.2 
3 2244.14 1 2 5 3 = 7  345-4-25 11904.203 8944-52 727q-35 3,404-0.46 16.4q-7.31 45;24.1.8 26,44.2.6 
4 2104.12 1204.11 3404.16 8064.135 9464.21 802+25 2.984-0.18 19.34.5.4 45.93=2,3 34.74.2.4 
7 2844.13 1254.1.5 3544-23 9184-60 2,963=0.15 23.34.2.5 46.23=1.9 28.93=2.9 

12 2964-39 1694-12 3114.46 11124.155 11264.87 14574.i70 3.434.0.67 30.24-0.4 45.33=2.1 22.44.2.7 
14 2953=25 9524-60 11453=68 2194~280 44.93=1.8 33.23=3.5 
(0,5% Pb) 

Values are means 4. SE. All data are from animals given 1% of lead except the incomplete data after 14 nlonths (0.5% lead). 

spleen lead ing  to  a n  increase  in o rgan  size. More young  
e r y t h r o c y t e s  are the re fo re  p r e s en t  in  t he  b lood c i rcu la t ion  
of l e a d - t r e a t e d  t h a n  in con t ro l  ra ts .  I t  m a y  be  p o s t u l a t e d  
t h a t  A L A D  ac t iv i ty ,  as t h a t  of m a n y  o t h e r  e r y t h r o c y t e  
enzymes ,  is on ly  a r e m n a n t  f rom t he  syn thes i z ing  s tage  
a n d  d imin i shes  as t he  e r y t h r o c y t e s  age. The  g rea te r  
n u m b e r  of y o u n g  e r y t h r o c y t e s  would  t h u s  imp ly  a n  
increased  A L A D  a c t i v i t y  as ha s  indeed  been  found.  
I t  h a s  long  been  k n o w n  t h a t  lead sho r t ens  e r y t h r o c y t e  
s u r v i v a l  poss ib ly  b y  d a m a g i n g  t h e i r  membraneS ,% I n  
r ecen t  years  th i s  a spec t  has  s o m e w h a t  receded  in t he  
genera l  in te res t ,  as t he  depress ion  of b lood  A L A D  a n d  t he  
excess exc re t ion  of de l t a  a m i n o  levul in ic  acid focused 
a t t e n t i o n  on  h e m  synthes is .  Clearly.  A L A D  in b lood  
c a n n o t  be  a l imi t ing  factor ,  o the rwise  a n e m i a  would  
follow the  m a r k e d  depress ion  obse rved  in persons  0n ly  

mi ld ly  i n t o x i c a t e d  w i t h  lead. Moreover  A L A D  inh ib i t i on  
c a n n o t  be  comple te ,  o the rwise  excess u r i n a r y  excre t ion  
a n d  a c c u m u l a t i o n  in e r y t h r o c y t e s  of p o r p h y r i n s  could no t  
occur.  Indeed ,  A L A D  a c t i v i t y  in  o rgans  appea r s  m u c h  
less depressed  t h a n  i t  is in  b lood  and  u n d e r  ce r t a in  
cond i t ions  m a y  increase  (Gerber ,  u n p u b l i s h e d  r e s u l t s ;  
Lauwerys ,  pe r sona l  commun ica t i on ) .  The  p r e s e n t  inves t i -  
ga t ion  conf i rms  t h a t ,  w h e n  lead i n t o x i c a t i o n  is severe,  
su rv iva l  of e r y t h r o c y t e s  becomes  t he  cr i t ica l  f ac to r  for  
changes  in b lood whi le  A L A D  m a y  actually increase  in 
c i rcu la t ing  e ry th rocy t e s .  
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6 H. Passow, A. Rothstein and T' W. Clarkson, Pharmac. Rev. 13, 

183 (1961). 
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Inhibit ion of noradrenal ine  re lease  f r o m  sympathe t i c  nerves  by  pentobarbi ta l  1 
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Summary. P e n t o b a r b i t a l  c o n c e n t r a t i o n s  of 10-100 aM selec t ively  i n h i b i t e d  t he  n o r a d r e n a l i n e  release evoked  b y  act i -  
v a t i o n  of t he  n ico t in ic  r ecep to r s  on  t he  t e r m i n a l s  s y m p a t h e t i c  ne rves  of t he  r a b b i t  hea r t .  H i g h e r  concen t r a t i ons  also 
decreased  t he  n o r a d r e n a l i n e  release i nduced  b y  KC1 or b y  e lect r ica l  s t i m u l a t i o n  of the  n e r v e  axons .  

The  si te  a n d  m e c h a n i s m  of ac t ion  of b a r b i t u r a t e s  on  t he  
ne rve  cell is n o t  ye t  known.  Prev ious ly ,  in -v i t ro  s tud ies  
p r o v i d e d  ev idence  t h a t  b a r b i t u r a t e s  are c apab l e  of i nh ib i t -  
ing Na+ c o n d u c t a n c e  3, 4 a n d  Ca 2+ p e r m e a b i l i t y  S, 6 of t h e  
cell m e m b r a n e ;  however ,  t he  c o n c e n t r a t i o n s  wh ich  are  
necessa ry  for  th i s  i n h i b i t i o n  would  cause  severe  po i son ing  
in vivo.  In  t he  p r e s e n t  s tudy ,  t he  t e r m i n a l  s y m p a t h e t i c  
ne rves  of t he  r a b b i t  h e a r t  were used as a mode l  for t he  
i nves t i ga t i on  of the  m e m b r a n e  ac t ions  of t he  drugs.  
Methods. The  e x p e r i m e n t s  were m a d e  on  i so la ted  h e a r t s  of 
r a b b i t s  (e i ther  sex) weigh ing  1.6-2.8 kg. All  de ta i l s  of t h e  
m e t h o d s  used  h a v e  been  descr ibed  p r ev i ous l yL  Briefly,  
t he  h e a r t s  (some of t h e m  w i t h  a n  i n t a c t  pos tgang l ion ic  
s y m p a t h e t i c  ne rve  supp ly  s) were per fused  w i t h  Tyrode  so- 

l u t i o n  (33~ a t  a c o n s t a n t  f low r a t e  of 25 m l / m i n .  T h e  
compos i t i on  of the  so lu t ion  was as follows (mM):  NaC1 
137; KC1 2.7; CaCI~ 1.8; MgCI~ 1.1; NaHICO s 11 .9 ;  
NaI-I~POa 0.4; glucose 5.6; ascorbic  acid 0.06 (ae ra t ion  
w i t h  95 % oxygen  a n d  5 % c a r b o n  dioxide).  T he  n o r a d r e n a -  
l ine c o n c e n t r a t i o n  in t he  pe r fu sa t e  was  m e a s u r e d  spect ro-  

f luo r ime t r i ca l ly  b y  a modi f i ca t ion  of t he  t r i h y d r o x y i n d o l e  
me thod .  I n  add i t ion ,  h e a r t  r a t e  and  t ens ion  deve loped  b y  
t h e  h e a r t s  were d e t e r m i n e d .  
Results and discussion. P e n t o b a r b i t a l  a t  concen t r a t i ons  up  
to 1 m M  n e i t h e r  s ign i f i can t ly  a l t e red  the  s p o n t a n e o u s  
n o r a d r e n a l i n e  o u t p u t ,  no r  t he  ab i l i t y  of the  h e a r t  to  re-  
m o v e  exogenous  n o r a d r e n a l i n e  (table).  Since m o s t  of t he  
exogenous  n o r a d r e n a l i n e  r e m o v e d  d u r i n g  t h e  passage  
t h r o u g h  t he  c o r o n a r y  vessels of t he  r a b b i t  h e a r t  is t a k e n  
up  in to  t he  no rad rene rg i c  neuronsS,  x0, we conc lude  t h a t  
p e n t o b a r b i t a l  does  n o t  i n h i b i t  t he  n o r a d r e n a l i n e  u p t a k e  
in to  t h e  card iac  s y m p a t h e t i c  ~ nerves .  Hence,  changes  of 
n o r a d r e n a l i n e  Outpu t  f rom t h e  h e a r t s  caused  b y  th i s  d rug  
are due  to a l t e r a t i o n s  of n o r a d r e n a l i n e  release f rom t h e  
nerves. 
Figure 1 shows that pentobarbital at concentrations up to 
I00 ~M selectively inhibited the noradrenaline release 
evoked by activation of the nicotinic receptors with acetyl- 
choline (muscarinic receptors blocked with atropine); 
there is evidence that such receptor sites exist in the mere- 


