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The histologic observa t ions  revealed t h a t  l iver s t ruc tu re  
was preserved.  H y p e r t r o p h y  of h is t iocytes  and l iver  cells, 
vacuol iza t ion  wi th  scarce lipid storage,  phagocytos i s  of 
hyal ine  b o d y  b y  K u p p f e r ' s  ceils, and an increase in the  
n u m b e r  of b inuc lea ted  cells, were the  mos t  f r equen t  f ind- 
ings in the  sedormid  t r ea t ed  rats.  The AIA t r ea t ed  ra ts  
showed the  same histologic p ic ture  descr ibed in ano t h e r  
work  1. 

Discussion. The fo rma t ion  of the  glucoronide is an  
obl iga tory  s tep in the  excre t ion  of bi l i rubin in the  bile of 
rats ,  since ra t s  of the  Gunn  strain,  which  canno t  form 
bi l i rubin glucoronide f rom U D P G  5, are unable  to  excre te  
free bil irubin,  a l though  t h e y  can excre te  bi l i rubin glu- 
coronide a t  t he  normal  ratee,L Since the  inh ib i to ry  effect  
of one of these  drugs (sedormid) on the  UDPG-g luco rony l  
t ransferase  ac t iv i ty  has  been  d e m o n s t r a t e d  1, these  ob- 
serva t ions  p resen t  fu r the r  evidence t h a t  the  drugs  em- 
p loyed produce  an i m p a i r m e n t  on the  enzyme  sys t em 
involved  in t he  con juga t ion  of bi l i rubin wi th  glucoronic 
acid. I t  should be no ted  t h a t  bile urobil in o u t p u t  and 
concen t ra t ion  were decreased at  the  same t ime as t h a t  of 
bil irubin.  I t  is no t  known  how urobil in is t r a n s p o r t e d  and  
excre ted  by  the  liver, b u t  these  f indings migh t  indicate  
t h a t  t he  l iver up take  and excre t ion  of urobil in is an act ive 
process.  

Resumen. La adminis t rac i6n  de sedormid  o AIA 
duran te  cua t ro  dfas, o una  sola inyeccidn de AIA reducen  
las excreciones de bi l i rubina y urobil inas en ratas .  E1 
mecanismo probab le  de la falla de la excrecidn de estos 
p igmen tos  puede  ser a t r ibu ida  a una  inhibici6n de la 
ac t iv idad  de la UDPG-glucoron i l  t ransferasa .  
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Inf luence  of S e r o t o n i n  on the Radia t ion  S e n s i -  
t iv i ty  of Lactate  D e h y d r o g e n a s e  1 

Recen t ly  we have  shown ~ t h a t  glycerol p ro tec t s  lac ta te  
dehydrogenase  (LDH) agains t  rad ia t ion  damage  when  
added  to  the  enzyme  solut ion prior  to i r radiat ion.  In  
these  expe r imen t s  all of the  results  obta ined,  including 
an  o p t i m u m  concen t r a t ion  for the  p ro tec t ive  effect  
(approx.  5 2/10 ml), are similar  to results  ob ta ined  using 
glycerol  to p ro t ec t  catalase.  In  order  to  explain  th is  pro-  
tec t ive  effect  we p roposed  a che la t ing  mechan i sm by  
which  glycerol forms a complex  wi th  the  meta l  ions pres-  
en t  in the  L D H  molecule. This  meta l lo -enzyme has  been 
found to  conta in  zinc bound  coord ina te ly  ~. 

I f  the  pro tec t ive  act ion of glycerol can be a t t r i b u t e d  to  
th is  mechanism,  t h e n  i t  should  also be possible to produce  
a modif ica t ion  in the  rad ia t ion  response of th is  enzyme  
wi th  o the r  compounds  which  exhib i t  a close in te rac t ion  
wi th  bound  me ta l  ions. In  a previous inves t iga t ion  4 we 
could show b y  means  of e lec t ron spin resonance  and  
opt ical  absorp t ion  s tudies  t h a t  serotonin  creat in ine  sul- 
fa te  (5-HT) forms a complex  wi th  me ta l  ions. Such a 
complex  wi th  Fe 3+, the  act ive site of catalase,  was t h o u g h t  
to  be responsible  for t he  rad iopro tec t ive  effect  observed  
wi th  th is  enzyme.  In  our  p resen t  invest igat ion,  the  act ion 
of 5-HT on L D H  was s tudied.  

12 2 of a r abb i t  muscle  L D H  stock solut ion (49 mg/ml) 
(Mann Research  Laborator ies ,  New York,  New York) 
were d i lu ted  to  100 ml wi th  0 .035M p h o s p h a t e  buffer,  
p H  7.4, mak ing  a final  L D H  concen t ra t ion  of 4.3 �9 10-SM. 
5-HT (Nutr i t ional  Biochemical  Corporat ion,  Cleveland, 
Ohio) was dissolved in the  L D H  solut ion pr ior  to i rradia-  
t ion.  The 5-HT concen t ra t ions  used are men t ioned  in 
Figure  1. The reduced  form of d iphosphopyr id ine  nu-  
cleotide,  N A D H  (Mann Research  Labora tor ies ,  New 
York,  New York),  was used as a subs t r a t e  in a concen-  
t r a t ion  of 3.45 �9 10-4M. 

1 ml  samples  of L D H  solut ion were i r radia ted  in 
open Luci te  conta iners  w i th  d i f ferent  exposure  doses 
(0-9 �9 l0  s R). The i r radia t ions  were done wi th  a beryl l ium- 
window X - r a y  tube  (100 kV, 12 mA, H V L  0.064 m m  A1; 
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Fig. 1. The influence of different concentrations of serotonin creati- 
nine sulfate (5-HT) on the radiation sensitivity of lactate dehydro- 

genase, 
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Phi l ips  E lec t ron ics  Inc. ,  M o u n t  Vernon ,  New York).  The  
exposure  r a t e  was a b o u t  9 �9 104 R/ ra in .  T he  X - r a y  o u t p u t  
was ca l ib ra t ed  w i t h  a n  air-wM1 ion iza t ion  chamber .  

The  L D H  a c t i v i t y  was d e t e r m i n e d  spec t ropho to -  
met r i ca l ly  us ing  t he  decrease  in op t ica l  d e n s i t y  of N A D H  
a t  340 mt~ as a f unc t i on  of t i m e  a f t e r  mix ing  e n z y m e  and  
subs t ra t e .  A Cary  14 S p e c t r o p h o t o m e t e r  (Allied Phys ics  
Corp., Monrovia ,  California) was  used for t he  d e t e r m i n a -  
t ion.  1 ml  of 1.14 �9 1 0 - 3 M  p y r u v i c  acid (Matheson,  Cole- 
m a n  and  Bell, Norwood,  Cinc inna t i ,  Ohio) was r ap id ly  
in jec ted  w i th  a syr inge in to  1 ml  each  of t he  L D H  so lu t ion  
and  t he  N A D H  solut ion.  All so lu t ions  were p r e p a r e d  fresh 
da i ly  a n d  all  m e a s u r e m e n t s  and  i r r ad i a t i ons  were done  
a t  room t e m p e r a t u r e .  

The  r ad iop ro t ec t i ve  effect  exh ib i t ed  b y  5 -HT is shown  
in F igure  1. N o n - i r r a d i a t e d  samples  were used Ior con t ro l  
va lues  and  t h e i r  ac t iv i ty  was t a k e n  as 100%. The  ac- 
t iv i t ies  of the  L D H  solu t ions  i r r ad i a t ed  w i th  v a r y i n g  
X - r a y  exposure  doses are shown  re la t ive  to the  con t ro l  
value.  As can  be  seen f rom F igure  1, 5 -HT exh ib i t s  a good 
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Fig. 2. I)a~-dose values as a function of 5-HT concentrations (values 
from Figure 1). 

r ad iop ro t ec t i ve  effect. I t  should  be  n o t e d  f rom the  ex- 
p e r i m e n t a l  resu l t s  us ing  h i g h  5 -HT c o n c e n t r a t i o n s  t h a t  
a t  lower exposure  doses t he  p r o t e c t i v e  effect  was  less 
t h a n  t h a t  obse rved  for  smal le r  concen t r a t i ons .  A t  h ighe r  
exposure  doses t h e  e x t e n t  of p r o t e c t i o n  seemed  to  be  pro-  
p o r t i o n a l  to  t h e  5 -HT concen t r a t i on .  

The  r a d i a t i o n  dose wh ich  was r equ i r ed  to  reduce  t he  
L D H  a c t i v i t y  to  37% is p lo t t ed  in F igu re  2 as a f u n c t i o n  
of t he  5 -HT c o n c e n t r a t i o n  us ing  the  resu l t s  f rom F igure  1. 
No 37% va lues  could be  o b t a i n e d  for  t i le h ighes t  5 -HT 
c o n c e n t r a t i o n s  used due to  t he  h i g h  exposure  doses re- 
quired.  As can  be seen f rom tile resul ts ,  a l inear  re la t ion-  
ship  exis ts  be tween  t he  EDa7 exposure  dose a n d  t h e  5 -HT 
concen t r a t i on .  U n f o r t u n a t e l y ,  h i g h e r  5 -HT concen t r a -  
t ions  could no t  be  used due  to  op t i ca l  l imi ta t ions .  The  
ED37 for a 5 -HT c o n c e n t r a t i o n  of 246 # M  is a b o u t  34 
t imes  la rger  t h a n  t h a t  of the  control .  

F r o m  the  resul t s  ob ta ined ,  especial ly  t he  v e r y  large 
p r o t e c t i v e  effect, i t  m a y  be  conc luded  t h a t  the  5-HT-  
m e t a l  complex  m e c h a n i s m  m i g h t  be  app l icab le  for  t he  
p r o t e c t i o n  of L D H .  The  bes t  p r o t e c t i o n  seems to be  ob- 
t a i n e d  w i t h  agen t s  wh ich  i n t e r ac t  w i t h  m e t a l  ions p r e sen t  
in  biological  sys tems .  

ZusammenJassung. Die Ver / i nde rungen  in der  S t r a h l e n -  
empf ind l i chke i t  yon  Milchs~iuredehydrogenase  d u r c h  
Sero tonin ,  g e b r a u c h t  als S e r o t o n i n - K r e a t i n i n - S u l f a t ,  
w u r d e n  s p e k t r a l p h o t o m e t r i s c h  u n t e r s u c h t .  Die B e s t r a h -  
lungsdosen  va r i i e r t en  zwischen 0-9  �9 10 ~ R. Die Sero ton in-  
K o n z e n t r a t i o n e n  v a r i i e r t e n  zwischen 0-1,23 m M .  Die 
DaT-Dosis ffir eine S e r o t o n i n - K o n z e n t r a t i o n  yon  246 / , M  
ist  ca. 34mal  gr6sser  als ftir die Kon t ro l l en .  Der  Schu tz -  
e f fek t  k a n n  d u r c h  eine K o m p l e x b i l d u n g  zwischen Sero- 
t o n i n  u n d  den  Meta l l ionen ,  die im Enzym-Molek t i l  
v o r h a n d e n  sind,  erkl~trt werden.  
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A b b a u  y o n  Q u a r z  m i t  B r e n z k a t e c h i n  

Kieselgel,  ve r sch iedene  Si l ikate  u n d  se lbs t  Quarz  wer- 
den  d u r c h  B r e n z k a t e c h i n  in le icht  a lka l i s chem Milieu 
l angsam gel6st  1. o-Diphenole  b i lden  m i t  Si in a lka l i schem 
Milieu sehr  s tab i le  Komplexe ,  in  denen  das  Si die Ko- 
o rd ina t i onszah l  6 aufweis t :  ISi(O2C6H4)a~ 2- 2 Be im Ab-  
bau  der  Si-Mineral ien se tz t  das  B r e n z k a t e c h i n a t  woh l  an  
~ S i - O H  an, wor in  das  Si m i t  d e m  G i t t e r  weniger  
v e r b u n d e n  ist. Die K o o r d i n a t i o n s z a h l  des Si wird  dabe i  
e rh6h t ,  u n d  die B i n d u n g e n  des Si z u m  G i t t e r  werden  
geschw~cht .  Dazu  k o m m t  der  E l e k t r o n e n d o n a t o r e f f e k t  
des B r e n z k a t e c h i n a t s ,  der  die B i n d u n g e n  des Si zu den  O 
des Gi t t e r s  s t a r k e r  po la r  m a c h t  u n d  d a d u r c h  we l t e r  
schw~tcht. Schliessl ich wird  de r  A b b a u  des Gi t t e r s  d u r c h  
die hohe  S tab i l i t i i t  des e n t s t e h e n d e n  Chela ts  beg i ins t ig t  a. 

I n  e iner  f r i iheren A r b e i t  a h a b e n  wi t  der  Geschwindig-  
kei t  des A b b a u s  v o n  Quarz,  Or thok l a s  und  Nephe l in  

d u r c h  a m m o n i a k a l i s c h e  B r e n z k a t e c h i n l 6 s u n g  u n t e r s u c h t .  
D a b e i  zeigte s ich  u n t e r  anderem,  in U b e r e i n s t i m m u n g  
m i t  L 6 s l i c h k e i t s b e s t i m m u n g e n  in W a s s e r  4,5, dass  fr isch- 
g e m a h l e n e r  Quarz  b e d e u t e n d  rascher  a b g e b a u t  wi rd  als 
Quarz ,  dessen ges t6r te  Ober f l i i chensch ich t  m i t  H F  weg- 
gel6st  war.  U m  die A b b a u g e s c h w i n d i g k e i t  des eigentl i -  
chen  Qua rzg i t t e r s  zu erfassen,  h a b e n  wir  in der  vor l iegen-  
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