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clear t h a t  the  me tabo l i sm of 6-MP can be modif ied by  the  
ac t iv i ty  of the  drug  metabol iz ing  enzyme in mouse liver. 
In  m a n y  ins tances  an increased ra te  of drug m e t a b o l i s m  
leads to  decreased pharmacologica l  act ion;  however ,  in 
ins tances  where  the  metabol i t e  of a drug is more  act ive 
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t h a n  the  p a r en t  compound ,  enzyme  induc t ion  can lead to  
an increase in pharmacologica l  ac t iv i ty  of the  drug. Since 
the  increased levels in enzyme ac t iv i ty  led to  decreased 
toxici ty ,  the  p resen t  s tudies  also conf i rmed the  resul t  
r epor ted  by  Yosh imura  4 t h a t  6-MP can be catabol ized 
in vi t ro  by  hepa t ic  microsomal  enzyme  f rom rats.  
The major  p a t h w a y  for the  ca tabol i sm of 6-MP involves 
ox ida t ion  to th iour ic  acid by  x a n t h i n e  oxidase. An a t t e m p t  
to  modi fy  the  ca tabol i sm of 6-MP by  x a n t h i n e  oxidase  
led to  the  d e v e l o p m e n t  of allopurinol.  Ei ion 9 repor ted  
t h a t  a reduc t ion  in doses of 6-MP was necessary  when 
al lopurinol  was given concurrent ly ,  because allopurinol 
in terferes  wi th  the  enzymat i c  ox ida t ion  of 6-MP. How- 
ever, there  are some d i sagreements  abou t  the  mechan i sm 
of the  in te rac t ion  be tween  these  drugs.  
I t  has  been shown t h a t  admin i s t r a t i on  of al lopurinol  to 
h ea l t h y  volunteers  impairs  the  me tabo l i sm of an t ipyr ine  
and  coumarine,  and fu r ther  t h a t  th is  effect  is caused by  
a reduct ion  in hepa t ic  microsomal  cy toch rome  P-450 
co n t en t  TM. In  man,  the  p ropor t ion  of inorganic  sulfate 
genera ted  is m u c h  h igher  following an  oral admin i s t r a t ion  
of 6-MP, and lower following admin i s t r a t ion  of allo- 
pur inol  9. Yosh imura  4 also r epor ted  t h a t  t he  ca tabol ism 
of 6-MP by  hepa t ic  microsomal  enzyme was caused by  
desulfurat ion.  These resul ts  also suggest  t h a t  detoxif ica-  
t ion of 6-MP by  hepa t ic  microsomal  enzyme m a y  be more  
responsible  for the  ca tabol i sm of 6-MP. 
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Summary. Eels  in tox ica ted  by  le thal  doses of HgC12 accumula te  mercury  in the i r  gills. Mercury  inhibi ts  the  ouabain-  
sensi t ive Na+K+ATPase  ac t iv i ty  of gills involving the  rup tu re  of the  fish NaC1 balance.  

We  have  previous ly  shown t h a t  the  le thal  effect  of mer-  
cury  (HgC12) added  to  seawater  on the  s eawa te r - adap ted  
eel AnguilIa anguil la  could be a t t r i b u t e d  to a d i s rup t ion  
of the  NaC1 ba lance  of the  an imal  2. Indeed,  when  consid-  
ering fishes, the  gill appears  to  be the  mos t  likely site 
of a t t a ck  by  h e a v y  meta ls  and, in our case, no inhib i t ion  
of the  r e sp i r a to ry  processes occurs a. Moreover  the  effects 
of mercu ry  are similar whe the r  isolated gills or whole 
animals  are in toxica teda .  I t  appears  t hen  t h a t  mercu ry  
acts  in the  gills on the  osmoregu la to ry  processes,  e i ther  
ac t ive  or pass ive  ionic movemen t s .  Since the  work  of 
Skou*, the re  is ag reemen t  on the  fact  t h a t  the  ouabain-  
sensi t ive  Na+K+ATPase  has a f u n d a m e n t a l  role in the  
ac t ive  t r a n s p o r t  5,6. In  th is  paper ,  we have  t r ied to see 
w h e t h e r  t he  d i s rup t ion  of NaC1 balance  could be a t t r i b u t e d  
to  an inh ib i t ion  of the  gill ATPase  act iv i ty .  
Material and methods. Fresh  wa te r  eels are adap t ed  for a t  
least  10 days  to  na tu ra l  seawater .  E a c h  control  fish is 
t h e n  placed in a po lye thy lene  bag conta in ing  10 1 of 
con t inuous ly  o x y g e n a t e d  seawater ;  the  fishes to be in- 
tox ica ted  are t r a p p e d  in an ident ical  bag conta in ing  10 1 
of oxygena t ed  seawate r  wi th  1 p p m  of HgC12. Bo th  series 
of eels are kep t  unde r  these  condi t ions  for 30 h. They  are 
t hen  killed and  the  blood is collected af ter  sect ion of t he  
ven t r a l  aor ta .  The left  gills are cu t  off for t he  ATPase  
ac t iv i ty  m e a s u r e m e n t  and  the  r igh t  ones for t he  de te r -  
m ina t i on  of mercury .  
De t e rmina t i on  of mercu ry  in the  gills. The digest ion of 

the  sample  is pe r fo rmed  following the  m e t h o d  described 
by  Sandell  7 and  modif ied  by  Mayer  8, in order  to  avoid 
the  loss of mercu ry  associa ted wi th  t he  use of the  concen-  
t r a t ed  ni tr ic  acid. The analysis  of the  solut ion is made  
by  the  d i th izone t echn ique  7. 
De t e rmina t i on  of Na, K and C1 in the  plasma.  The blood 
is cent r i fuged a t  1085 • g for 10 min  (Sorvall  S centrifuge).  
The ions are de t e rmined  in the  supe rna t an t .  The analysis  
of sodium and po ta s s ium is pe r fo rmed  using an Eppendor f  
f lame pho tome te r .  Chloride is de t e rmined  wi th  the  Marius 
Chlor-o-Counter .  

1 The author wishes to express his sincere gratitude to Professor 
A. Disteehe and Professor E. Schoffeniels for discussions during 
the investigation. This research was carried out in participation 
in the Belgian National Research and Development Program on 
the Environment-Water-Sea Project-Office of the Prime Minister- 
Interministerial Commission for Science Policy and Programma- 
tion. 

2 J .M. Bouquegneau, Bull. Soe. Roy. Set. Lg. 9-10, 447 (1973). 
3 J.M. Bouquegneau, Th~se de Doetorat en Sciences Zoologiquesl 

Universit~ de Liege, Belgium (1975). 
4 J.C. Skou, Biochim. biophys. Acta 23, 394 (1957). 
5 J. Maetz, Phil. Trans. Roy. Soc. Lond. B 262, 209 (1971). 
6 M. Kamiya and S. Utida, Comp. Biochem. Physiol. 26,675 (1968). 
7 E.B. Sandell, in: Colorimetrie Metal Analysis, 3nd Ed. Intersci. 

Publ. Inc., New York, London. 
8 J. Mayer, Bull. envir. Contam. Tox. 5, 383 (1970). 



942 Specialia EXPERIENTIA 33/7 

Table 1. Reversibility of the effect of HgC12 on the Na+K+ATPase 
activity of gills by addition Of cysteine to the homogenate 

Experimental conditions Percentage of Na+K+ATPase activity 
in the gill related to total ATPase 
activity 

Optimal conditions 31% 
Optimal conditions 
+HgCI 2 10 5 M 10% 
Optimal conditions 
+HgCI 2 10 -5 M 
+cysteine 10 -~ M 29~o 
Optimal conditions 
+eysteine 10 -3 M 32~o 

Table 2. Effect of HgC12 intoxication on Na and C1 concentrations 
ill plasma of seawater adapted eels (mEq/l) 

Na C1 

Controleels 144.0 ~- 6.2 131.8 • 4.5 
Intoxicated eels 208.0 :[_ 18.0 175.3 -L 17.1 

Results  and discussion. The to ta l  M g N a K A T P a s e  ac t iv i ty  
is 0.68 lzM P i /mg  pro te in  h ( S E = 0 . 0 3 ;  n =6) .  Tile in vi t ro  
effect  of HgC12 on the  enzyme is shown in figure 1. In  
absence of mercury ,  the  ouabain-sens i t ive  ATPase  ac- 
t i v i t y  is abou t  40~o of the  to ta l  ac t iv i ty .  For  3 • 10 -6 M 
HgC1 z concent ra t ion ,  the  ouabain-sens i t ive  ATPase  ac- 
t i v i t y  is comple te ly  inhibi ted.  Moreover  there  appea r  to be 
2 d i s t inc t  f rac t ions  in the  ouaba in -non  sensi t ive ATPase :  
one HgC12-sensitive ( represent ing 15~o of the  to ta l  ac- 
t iv i ty)  and one HgC12-non sensi t ive (at concen t ra t ions  
< 10 -5 M) represen t ing  45~o of the  t o t a l  ac t iv i ty .  
The effect  of CHaHgC1 is shown in figure 2. The shape  of 
t he  curves is s imilar  to  w h a t  is observed  dur ing inhibi t ion 
b y  HgC12, b u t  CHzHgC1 seems s o m e w h a t  less toxic :  the  
ouabain-sens i t ive  ATPase  is to t a l ly  inhib i ted  when  the  
CHaHgC1 concen t ra t ion  reaches  8 • 10 -s M. As the  in- 
ac t iva t ion  is fas ter  w i th  HgCI~, we have  used th is  salt  in 
t he  in tox ica t ion  expe r imen t s  descr ibed la ter  in th is  paper .  
Regard ing  the  cause of the  observed  inhib i t ion  of the  
ouaba in-sens i t ive  ATPase ,  i t  is p ro b ab l y  due to the  great  
a f f in i ty  of Hg++ for - S H  compounds .  Indeed,  cyste ine 
10 .3 M added  to the  p repa ra t ion  suppresses  the  inh ib i to ry  
effect  of mercu ry  as shown in table  1. 

D e t e r m i n a t i o n  of ATPase  act ivi ty .  Gill f i laments  are 
g round  in a 0.5 M sucrose solut ion conta in ing  5 mM E D T A  
(pH ad jus ted  to 7.4 wi th  Tris-HC1 buffer) in an homoge-  
nizer  w i th  a Teflon pestle.  The solut ion is cent r i fuged 
s tepwise  a t  121 • g for 10 min  and at  12,100 • g for 30 min.  
The prec ip i ta te  is suspended  in a 0.5 M sucrose solut ion 
conta in ing  5 mM E D T A  (pH 7.4) and is used immed ia t e ly  
for t es t ing  i ts  ATPase  ac t iv i ty .  
Assay  of ATPase  ac t iv i ty .  The reac t ion  mix tu re  is ad- 
jus t ed  to a f inal  vo lume of 2 ml  and conta ins  4 mM ATP,  
100 mM NaC1, 25 mM KC1, 5 mM MgC12 and 0.2 ml of the  
enzyme solut ion 6. Af ter  incubat ion  for 30 min,  the  reac- 
t ion is s topped  by  addi t ion  of 0.2 ml of 50~o t r ichloro-  
acetic acid. Inorganic  p h o s p h a t e  is de t e rmined  by  the  
m e t h o d  of Fiske and Subbarow,  and prote ins  are analyzed 
according to the  m e t h o d  of Folin. Ouabain-sens i t ive  
Na+K+ATPase  ac t iv i ty  is ob ta ined  by  subs t r ac t ing  the  
ouaba in -non  sensi t ive ATPase  a c t i v i t y  f rom the  whole 
ATPase  ac t iv i ty  (the concen t ra t ion  of ouabain  used is 
0.2 mMI 
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Fig. 1 Effect of HgC12 on ATPase activity in eel gills. Q, Total 
activity; O, ouabain-non sensitive ATPase activity; I, 2 • SE. 
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Fig. 2. Effect of CH.~HgC1 on ATPase activity in eel gills. O, Total 
activity; 0, ouabain-non sensitive ATPase activity. 
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Fig. 3. Relation between Hg concentrations and ATPase activity in 
the gills and NaC1 concentrations in the plasma. A, Na concentration; 
0, C1 concentration; (3, percentage of ouabain-sensitive Na+K + 
ATPase activity. 
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If  m e r c u r y  is able  in v i t ro  to  r eac t  w i t h  t he  gill o u a b a i n -  
sens i t ive  ATPase ,  i t  r e m a i n s  to  be  shown  t h a t  i t  does so 
in vivo.  W e  h a v e  assayed  t he  pe r cen t  ouaba in - sens i t i ve  
A T P a s e  a c t i v i t y  in  gill  h o m o g e n a t e s  of i n t ox i ca t ed  eels. 
Those  va lues  are c o m p a r e d  w i t h  t he  pe r cen t  a c t i v i t y  in  
gill h o m o g e n a t e s  of con t ro l  eels. 
The  pe rcen t age  of o u a b a i n - s e n s i t i v e  A T P a s e  a c t i v i t y  is 
on ly  10.2 • 5.7% in t he  6 i n t o x i c a t e d  eels, whereas  i t  
r ep resen t s  34.8 • 4 .0% of t h e  t o t a l  a c t i v i t y  in t he  6 
con t ro l  eels. The  dif ference b e t w e e n  those  ave rages  is 
s ign i f ican t  when  app ly ing  t he  t - t e s t  (p < 0.05). 
Owing  to t he  fac t  t h a t  gills c o n t a i n e d  13.7 • 1.5 p p m  H g  
a n d  cons ider ing  t he  d i f fe ren t  d i lu t ions  du r ing  t he  A T P a s e  
assay,  l ead ing  to a f ina l  c o n c e n t r a t i o n  of 10 -e M in t h e  
h o m o g e n a t e ,  f igure 1 shows t h a t  we should  on ly  expec t  
a 20% i n h i b i t i o n  of t he  N a + K + A T P a s e  a c t i v i t y  i n s t ead  
of t he  48% observed .  I t  is conc luded  t h a t  t he  obse rved  

9 W.T .W.  Potts and W. R. Fleming, J. exp. Biol. 5,1, 63 (1971). 
t0 R. Gilles, in: Marine Ecology, vol. 2, part 1, ch. 5, p. 259. Ed. 
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i n h i b i t i o n  occurs  in  vivo,  a l t h o u g h  a s econda ry  effect  
caused  b y  h o m o g e n e i z a t i o n  c a n n o t  be  t o t a l l y  excluded.  
The  effect  of i n t o x i c a t i o n  on  t he  NaC1 c o n c e n t r a t i o n s  in  
t he  p l a s m a  is shown  in t ab l e  2. E a c h  d a t u m  is t he  ave rage  
of 6 d e t e r m i n a t i o n s ~  SE. The  increases  of N a  and  C1 
c o n c e n t r a t i o n s  are v e r y  s ign i f ican t  (Na:  p < 0.01; CI: 
p < 0.05): 
Consider ing  t he  d a t a  co r re spond ing  to  i n t o x i c a t e d  eels, 
b o t h  A T P a s e  a c t i v i t y  assays  and  ion de t e rmina t i ons ,  t he  
SE a p p e a r  to  be  r a t h e r  h i g h  a n d  ref lect  i m p o r t a n t  indi-  
v idua l  va r ia t ions .  I n d i v i d u a l  v a r i a t i o n s  are v e r y  impor -  
t a n t ,  b u t  t he  r e l a t ionsh ip  b e t w e e n  t he  d i f fe ren t  d a t a  is 
c lear ly  seen in f igure 3. W h e n  t he  Hg  c o n c e n t r a t i o n  in-  
creases,  t he  A T P a s e  a c t i v i t y  decreases  in  t he  gills and  t he  
Na  a n d  C1 c o n c e n t r a t i o n s  increase  in t he  p lasma.  The  
r u p t u r e  of osmot ic  equ i l i b r ium appea r s  on ly  w h e n  t he  
m e r c u r y  c o n c e n t r a t i o n  in t he  gill reaches  a b o u t  10 ppm.  
To conclude,  t h e  l e tha l  effect  of m e r c u r y  p rev ious ly  re- 
l a ted  to a r u p t u r e  of t he  NaC1 ba l ance  ~ can  be  a t t r i b u t e d  
to a n  i n h i b i t i o n  of the  N a + K + A T P a s e  a c t i v i t y  of the  gills 
a n d  c o n s e q u e n t l y  to  a n  i n h i b i t i o n  of t h e  NaC1 t r a n s p o r t .  
I t  is o the rwise  i n t e r e s t i ng  to no te  t h a t  no decrease  of t he  
K c o n t e n t  b o t h  of p l a s m a  or gills occurs  in  such  in tox i -  
c a t ed  eels 2, s, wh ich  shows to  be  deba t ab l e ,  as quo ted  b y  
o the r  authors9,1~ the  t h e o r y  of M A E T Z  5 of a N a K  
coupled  ac t ive  t r a n s p o r t  in  gills of s eawa te r  teleosts .  

Induction of the in vitro p~hydroxylation of C.amphetamlne" stereoisomers in!phenobarbital-treated 
rats 
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Summary. The  r a t e  of p - h y d r o x y l a t i o n  of 14C-( - - ) - a m p h e t a m i n e  b y  l iver  mic rosomes  was h ighe r  t h a n  t h a t  of ( + ) - i s o m e r  
in p h e n o b a r b i t a l - t r e a t e d  ma le  rats .  T he  a p p a r e n t  Km values  for ( - - ) -  and  ( + ) - a m p h e t a m i n e  h y d r o x y l a t i o n  were 
4.54 N 10 -5 M a n d  2.27 • 10 -5 M respect ive ly ,  in  b o t h  t r e a t e d  a n d  con t ro l  an imals .  

The  a c t i v i t y  of t h e  ( + ) - a m p h e t a m i n e  on  t he  cen t r a l  
ne r vous  s y s t e m  is genera l ly  h ighe r  t h a n  of t he  ( - - ) - isomer.  
The  differences  2-4 of pha rmaco log ica l  a c t i v i t y  b e t w e e n  
t he  s te reoisomers  of a m p h e t a m i n e  m a y  be  p a r t l y  ex- 
p la ined  b y  t h e i r  s tereospecif ic  me tabo l i sm.  Dr ing  e t  al. 5 
showed  in severa l  a n i m a l  species t he  m a i n  me tabo l i t e ,  
p - h y d r o x y a m p h e t a m i n e ,  to  be  excre ted  in u r ine  in 
g rea t e r  a m o u n t s  a f t e r  a d m i n i s t r a t i o n  of t he  ( - - ) - a m p h e t -  
a m i n e  t h a n  f rom t he  ( + ) - i s o m e r .  T he  p r o d u c t  of t he  
m e t a b o l i s m  of a m p h e t a m i n e  in v i t ro  is d isputed .  Duly  6 
and  Fu l le r  7 h a v e  on ly  o b t a i n e d  ox ida t i ve  d e a m i n a t i o n  
p roduc t s ,  whi le  J o n s s o n  s a n d  R o m m e l s p a c h e r "  us ing  r a t  
l iver  mic rosomes  h a v e  iden t i f i ed  ti le p - h y d r o x y a m p h e t -  
a m i n e  as t he  m a j o r  me tabo l i t e .  
Whi l e  G r o p p e t t i  e t  al. 10 m e a s u r i n g  t he  d i s a p p e a r a n c e  r a t e  
of d - a m p h e t a m i n e  in h o m o g e n a t e s  of t he  whole  r a t  f ound  
no  i n d u c t i o n  effect  a f t e r  a p h e n o b a r b i t a l  t r e a t m e n t ,  t he  
p r e s e n t  p a p e r  re la tes  t he  s t u d y  of t he  mic rosomal  e n z y m e  
i n d u c t i o n  to t h a t  of t he  a m p h e t a m i n e  s te reose lec t ive  
me tabo l i sm .  Fo r  th i s  purpose ,  we h a v e  s tud ied  t he  aro-  
m a t i c  h y d r o x y l a t i o n  of t h e  14C- ( - - ) - amphe tamine  a n d  
l a c - ( + ) - a m p h e t a m i n e  w i t h  l iver  mic rosomal  suspens ions  
f rom con t ro l  a n d  p h e n o b a r b i t a l - t r e a t e d  rats .  
Experimental conditions. T he  specific a c t i v i t y  of t he  7- 
1 4 C - ( + ) - a m p h e t a m i n e  was 27 m C i / m m o l e  a n d  t h a t  of t he  
7 -14C- ( - - ) - amphe tamine  was 12.4 mCi /mmole ,  w i t h  a 

r ad iochemica l  p u r i t y  of 99%.  These  c o m p o u n d s  were 
p r e p a r e d  b y  t he  t e c h n i q u e s  descr ibed  b y  L i n t e r m a n s  
e t  al. 11. 
Male r a t s  weighing  a b o u t  220 g rece ived  p h e n o b a r b i t a l  
0 .1% w/v  (4.3 • 10 3 M) in t h e i r  d r i nk ing  w a t e r  for 3 days,  
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