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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  
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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 

P. Medi lansk i l ,  j .  C o r t h a y  and  A. Benak i s  

Laboratory o/Drug Metabolism, Department o/Pharmacology, University o/Geneva, 20, Bd. d' Yvoy, CH-1211 Gen~ve 4 
(Switzerland), 73 December 7976 

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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Effect of phenobarbital treatment on some biochemical parameters 
in male rat 

Parameters Control Phenobarbital- 
animals treated 

animals 

Liver weight/body weight (%) 3.8 =E 0.3 
Microsomal proteins (mglg liver) 31.7 ~= 6.4 
Cytoehrome P-450 ([zmoles/g liver) 28.6 4- 5.2 
Aniline p-hydroxylation ([xmoles 
p-aminophenol formed/g liver) 0.6 -4- 0.1 

5.2 ~ 0.4* 
46.2 fl= 6.3* 
94.7 =~ 26.2* 

1.0 =~ 0.3* 

Phenobarbital 0.1% in drinking water was given for 3 days. Mean 
values of 6 animals ~: SD. * Values significantly different from 
control values: p < 0.05 using Student's t-test. 

while control  animals  were given wa te r  only. 24 h af ter  
s topp ing  the  t r e a t m e n t ,  the  animals  were killed and 
exsangu ina t ed  and  the i r  l iver microsomes  were sepa ra ted  
by  dif ferent ia l  cen t r i fuga t ion  as descr ibed by  La Du et  
al. ~. The microsomal  p ro te in  level was measured  by  
Lowry ' s  m e t h o d  ~3 and the  cy toch rome  P-450 level b y  
E s t a b r o o k ' s  m e t h o d  14. For  the  m e a s u r e m e n t  of anil ine 
p - h y d r o x y l a t i o n  t h e  incuba t ion  m e d i u m  con ta ined :  0.8 
mM N A D P ,  5 mM glucose-6-phosphate ,  5 mM MgC1 v 
7 IU  of g lucose-6-phosphate  dehydrogenase  and  1 mM of 
anil ine in 0.25 M Na+ /K+-phospha t e  buffer  p H  7.4. The 
final  vo lume was 2 ml and  con ta ined  microsomes  equi- 
va l en t  to 125 mg liver wet  weight .  The incuba t ion  t ime 
was 30 min.  Aniline p -hyd roxy l a t i on  was  s topped  by  the  
add i t ion  of 1 ml TCA 20% and  the  p -aminopheno l  
fo rmed  was measured  by  the  m e t h o d  of K a t o  ~:' 
The same incuba t ion  med ium was used for in v i t ro  
a m p h e t a m i n e  metabol i sm,  a m p h e t a m i n e  at  concent ra-  
t ions  of 3, 6, 12, 25 and  50 vM subs t i t u t ed  for the  aniline. 
The incuba t ion  t ime was 10 min.  A m p h e t a m i n e  me ta -  
bol iza t ion was s topped  by  adding  1 ml HC10, 2 N 9 and 
the  separa t ion  of t he  metabo l i t es  was carried out  by  
pape r  and th in  layer  c h r o m a t o g r a p h y  in the  sys t em:  
to luene-n-bu tano l -ace t ic  ac id-wate r  2/2/1/1 (v:v) .  The 
rad ioac t ive  c h r o m a t o g r a p h y  sectors  cor responding  to 
a m p h e t a m i n e  and metabo l i t e s  were localized wi th  a 
scanner  and quant i f i ed  by  l iquid scinti l lat ion.  The meta -  
bol i tes  of a m p h e t a m i n e  were ident i f ied  by  compar ing  
the i r  Rf values  wi th  those  of the  following reference com- 
pounds :  p -hydroxyamphe tamine~6 ,  norephedrine]7,  p_ 

h y d r o x y n o r e p h e d r i n e  17, and  pheny lace tone  is in d i f fe rent  
ch roma tog raph ic  sys tems  descr ibed by  Glasson et  al. 19. 
The iden t i t y  of p - h y d r o x y a m p h e t a m i n e  was conf i rmed 
by  UV-spec t rome t ry ,  according  to Noirfalise 20. 
Results  and discussion. To ver i fy  the  induc t ion  s ta te ,  we 
de t e rmined  the  liver weigh t  expressed  as a pe rcen tage  of 
body  weight ,  the  a m o u n t  of microsomal  pro te in  and  of 
cy toch rome  P-450 and the  ac t iv i ty  of in vi t ro  anil ine 
p - h y d r o x y l a t i o n  in contro l  and in p h en o b a rb i t a l - t r e a t ed  
ra ts  (table). The increase of all measured  pa rame te r s  in 
p h e n o b a r b i t a l - t r e a t e d  r a t s  compared  to t he  control  ones 
is s ignif icant  (p < 0.05). Figure  1 shows the  pe rcen tage  of 
14C-(+) -amphetamine  and  14C-(- - ) -amphetamine me t ab -  
olized in contro l  and p h e n o b a r b i t a l - t r e a t e d  animals.  In  
th is  figure, no difference in the  ra te  of the  in vi t ro  m e t a b -  
olism of the  2 a m p h e t a m i n e  isomers is observed,  while the  
stereo select ive induc t ion  of th is  me tabo l i sm is a l ready  
obvious.  The increase in t he  me tabo l i sm of ~ C - a m p h e t -  
amine  in p h e n o b a r b i t a l - t r e a t e d  ra ts  is grea ter  when  the  
( - - ) - i somer  is used as subs t r a t e  t h a n  wi th  the  (+)- i somer ,  
where the  difference are no t  s ignif icant  (differences were 
considered s ignif icant  when  p < 0.05 using S t u d e n t ' s  
t - tes t ) .  Quant i t a t ive ly ,  the  mos t  i m p o r t a n t  ine tabol i te  of 
a m p h e t a m i n e  is the  p - h y d r o x y  compound .  The kinetic 
cons t an t s  of the  in v i t ro  p -hydroxy la t i on  ,,f ( + ) -  and 
( - - ) - a m p h e t a m i n e  in contro l  and phenoba rb i t a l - t r ea t ed  
rats,  ca lcula ted  using the  L ineweaver -Burk  plots,  are 
shown in figure 2. The fo rma t ion  of p - h y d r o x y a m p h e t -  
amine  is g rea te r  wi th  14C-(- - ) -amphetamine used as 
subs t r a t e  t h a n  wi th  the  (+ ) - i somer .  Values of a p p a r e n t  

12 B.N. La Du, H. G. Mandel and E. L. Way, in : Fundamentals of 
Drug Metabolism and Drug Disposition,. The Williams and 
Wilkins Company, Baltimore 1972. 

13 O.H. L(,wry, N. J. Rosenbrough, A. L. Farr and R. J. Randall, 
J. biol. Chem. 193, 265 (1951). 

14 R.W. Estabrook, D. Y. Cooper and O. Ros~,athal, Bioehe,, Z. 
338, 741 (1963). 

15 R. Kato and J. R. Gillette, J. Pharmae. exp. Ther. 150, 279 
(1965). 

16 Kindly supplied by the Roussel-Uelaf Laboratories (France). 
17 K & K Laboratories, Inc. (USA). 
18 lquka, Buchs (Switzerland). 
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(1971). 
20 A. Noirfalise, Ann. Biol. Clin. 7[9, 943 (1966). 
21 L.M. Gunne and L. Galland, Biochem. Pharmac. 16, 1374 (1967). 
22 M. Goldstein and B. Anagnoste, Biochim. biophys. Aeta 107, 

166 (1965). 
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Fig. 2. Lineweaver-Burk plots of the in vitro p-hydroxylation of 
a4C-(+)- and -(--)-amphetamine in control and phenobarbital- 
treated rats. Mean values of 6 animals. 
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Km are 2.27 • 10 -s M for ( + ) - a m p h e t a m i n e  and 
4 .54 •  5 M for ( - ) - a m p h e t a m i n e .  Fu r the rmore ,  the  
p - h y d r o x y l a t i o n  of 14C-( - - ) -amphetamine  is more  sensi- 
t ive  to  the  inducing effect  of the  phenoba rb i t a l  t r e a t m e n t  
t h a n  t h a t  of the  (+ ) - i somer .  In  the  p h e n o b a r b i t a l - t r e a t e d  
rats ,  we observed  an increase of a p p a r e n t  Vmax (from 
41.7 to 47.6 and  f rom 71.4 to  111.1 nmoles  p - h y d r o x y -  
a m p h e t a m i n e / r a i n  mg pro te in  for ( + ) -  and  ( - - ) - a m p h e t -  
amine  respect ively)  w i thou t  ef fect  on a p p a r e n t  K ~ ,  as i t  
is general ly  the  case for induc t ion  phenomena .  

Our resul ts  are cons i s ten t  w i th  d a t a  ob ta ined  in vivo 5, ~1, 2e 
and  wi th  some resul ts  prev ious ly  ob ta ined  in vi t ro  s, 9. 
Fur the r ,  we could ob ta in  unde r  our  expe r imen ta l  con- 
di t ions a s tereospecif ic  induc t ion  of the  in v i t ro  a m p h e t -  
amine  metabol i sm,  ( - - ) - a m p h e t a m i n e  p - h y d r o x y l a t i o n  
ra te  being grea te r  t h a n  t h a t  observed  wi th  t he  ( + ) - i somer .  
Al though  we are unable  to expla in  the  mechan i sm of 
stereospecif ic  induct ion ,  such a p h e n o m e n o n  m a y  be of 
significance wi th  regard  to  t he  pharmacolog ica l  ac t iv i t ies  
and in te rac t ions  of these  compounds .  

S t u d i e s  o n  G A B A  a c c u m u l a t i o n  i n d u c e d  b y  7 - g l u t a m y l - h y d r a z i d e  i n  r e g i o n s  o f  r a t  b r a i n  f o l l o w i n g  

t r e a t m e n t  w i t h  a t y r o s i n e  h y d r o x y l a s e  i n h i b i t o r  a n d  6 - h y d r o x y - d o p a m i n e  t 
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Summary. Reduc t ion  of DA receptor  ac t iv i ty  via  deple t ion  of DA stores does no t  seem to influence GABA t u rn o ve r  
in t he  forebra in  and  in the  DA cell body  r ich region of t he  midbra in .  

In  r ecen t  papers  2-4 evidence has  been ob ta ined  t h a t  
changes  in GABA accumula t ion  in bra in  af ter  GABA 
amino t rans fe rase  inhibi t ion using 7-g lu tamyl -hydraz ide  
(GAH) 5 p robab ly  reflect  changes  of GABA tu rnove r  in 
t he  neurona l  pool, since it has  been found to be nerve  im- 
pulse d e p e n d e n t  4. Using th is  model  to  s t u d y  changes  in 
GABA turnover ,  it  was possible to show t h a t  the  dopa-  
mine  (DA} recep tor  agonis t  apomorph ine  increased GAI3A 
tu rnove r  in s t r i a tum,  subcor t ica l  l imbic regions (rich in 
DA nerve  terminals)  and in the  DA cell body  r ich regions 12C 
of the  midbra in .  This  increase was blocked b y  p re t r ea t -  
m e n t  wi th  the  DA receptor  blocking agen t  pimozide.  How-  ~= ~ 100 
ever,  p imozide  by  itself did n o t  cause a n y  change  of GABA ~ E 
t u rnove r  ~, ~. On the  o the r  hand,  in dorsal  neocor tex  and  in *= o = 8( 
cerebellar  co r t ex ,  lacking DA cell bodies  and nerve  t e r m i -  -~ ~ ~ 6C 
nals, apomorph ine  produces  no effects  on GABA tu rn-  = o o = 

o 4C over, or a t r end  for a reduct ion  (cerebellar cortex) s, sup-  * -~ 
por t ing  the  view t h a t  the  increases of GABA tu rnov e r  ob- o o 2C 
served are due to s t imula t ion  of specific DA receptors  in- w_ 
ne rva t ed  by  DA termina ls .  ~ 
In  view of this,  it  is of in te res t  fu r ther  to evalua te  the  in- 
f luence of a reduc t ion  of DA recep tor  ac t iva t ion  on the  
t u r n o v e r  of GABA. Therefore,  it  has  been s tudied  wh e t h e r  
combined  t r e a t m e n t  w i th  t he  tyros ine  hydroxy la se  in- 
h ib i to r  ~ -methy l - ty ros ine  me thy l e s t e r  (H 44/68) and the  12s 
neuro tox ic  c o m p o u n d  6 -hydroxy-dopamine  (6-OH-DA), 10s 
causing a re la t ive ly  selective degenera t ion  of ca techol-  ~ 
amine  (CA) neurons  in the  bra in  7 w i thou t  affect ing e.g. ~ gE 8C 
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Material and methods. Male specific pa thogen- f ree  Sprague-  .* < 2C 
free Sprague-Dawley  ra t s  were used.  Uni la tera l  lesion of w_ ~ 0' 
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Fig. 1. Effect of 6-OH-DA and H 44/68 on DA fluorescence in'the 
nuc. caudatus and dotted nuc. aecumbens. On the x-axis days after 
6-OH-DA treatment (see Materials and methods) are shown. H 44/68 
(250 mg/kg) was injected i.p. 3 h 15 min and GAH (160 mg/kg) 3 h 
before killing. On the y-axis the DA fluorescence (means i SEM) is 
shown in percent of the GAH alone group mean value. Absolute 
mean values for the GAH alone group expressed in arbitrary fluo- 
rescence units • SEM were for nuc. eaudatus 15.6 -1- 0.2 (n = 4) and 
for the dotted nue. accumbens 32 -4- 2.8 (n = 4). Number of animals 
in parenthesis. Paired Student's t-test was used. 
*, p < 0.05; **, p < 0.01; ***, p < 0.001. 


