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Summary. The admin i s t r a t i on  of phenoba rb i t a l  and endo tox in  a l tered the  tox ic i ty  and me tabo l i sm  of 6-mercapto-  
pur ine  in mice. These results  indicate  t h a t  the  effects  of 6 -mercap topur ine  m a y  be modif ied  by  the  ac t iv i ty  of the  
d rug-metabo l iz ing  enzyme.  

6 -mercap topur ine  (6-MP) is a clinically useful a n t i t u m o r  
drug, b u t  l i t t le is k n o w n  of its ac t ion mechan i sm or 
p a t h w a y  of me tabo l i sm ~. Coffey 2 and  Walker  3 recent ly  
sugges ted  t h a t  mechan i sms  o ther  t h a n  x a n t h i n e  oxidase 
inhibi t ion could expla in  the  a l lopur inol- inducd po ten t ia -  
t ion  of t he  a n t i t u m o r  ac t iv i ty  of 6-MP. A m o n g  the  
hypo these s  sugges ted  for these  mechan i sm is the  possi- 
b i l i ty  t h a t  p a t h w a y s  o ther  t h a n  6-MP oxida t ion  m a y  be 
responsible  for the  ca tabol i sm of 6 - M P .  In teres t ingly ,  
Yosh imura  4 recen t ly  r epor ted  t h a t  6-MP can be desul-  
fu ra ted  in to  a biologically inact ive  subs tance  in vi t ro  by  
hepa t ic  microsomal  enzymes  f rom rats.  I t  is, therefore ,  
of in te res t  to  observe  the  effects of bo th  the  metabol ic  
s t imula to r  phenoba rb i t a l  5 and the  metabol ic  inhib i tor  
endo tox in  6 on the  tox ic i ty  and  me tabo l i sm of 6-NP in 
mice. 
Materials and methods. BALB/c  male mice weighing 25 to  
29 g were used. E n d o t o x i n  was purchased  as a single lot  
of l ipopolysacchar ide  f rom E. coli f rom Difco L a b o r a t o r y  
(Detroit ,  Mich., USA).  Endo tox in ,  phenoba rb i t a l  and  
p e n t o b a r b i t a l  were dissolved in 0.9% NaC1, and  6-MP 
was dissolved in 0.1 N NaOH,  so t h a t  0.01 ml/g  mouse 
weigh t  would  provide  the  desired dose when  adminis-  
tered.  Control  mice were given an equal  vo lume of 0.9% 
NaC1. All mice were in jec ted  i .p .  E a c h  group conta ined  
3-4 mice and  all expe r imen t s  were carr ied out  in dupl icate .  
Livers  f rom the  mice t r ea t ed  w i t h  [8-1'C] 6-MP were 
ex t r ac t ed  wi th  1.5 v01. of cold 0.5 M perchlor ic  acid. 
Perchlor ic  acid ex t rac t s  were sub jec ted  for de t e rmina t i on  
of thioinosinic  acid (TIMP) b y  the  same m e t h o d  previ-  
ously descr ibedL Sodium pen toba rb i t a l  was admin i s t e red  
at  a dose of 35 mg/kg.  Sleeping t ime was def ined as the  
t ime  be tween  the  loss and  the  recovery  of t he  r ight ing  

reflex. Pen t o b a rb i t a l  hydroxy lase  ac t iv i ty  was measured  
by  the  me t h o d  of K a t o  5 in 8,500 •  s u p e r n a t a n t  of 25% 
liver homogena te s  p repared  in 1.5% KC1. De te rmina t ion  
of pen toba rb i t a l  was carr ied ou t  according to the  me t hod  
of Brodie  s. 
Results. BA L B/ c  mice which  were admin i s t e red  100 mg 
of 6-MP/kg or 4 mg of endo tox in /kg  survived the  14-day 
observa t ion  per iod;  however  80% of the  mice which 
received 6-MP 6 h af ter  endo tox in  a t  those  doses died 
wi th in  24 h. By  cont ras t ,  o ther  mice were t r ea t ed  wi th  
80 mg of phenoba rb i t a l / kg  each day  for 3 days  prior  to 
challenge wi th  250 mg of 6-MP/kg, which  was approxi-  
m a t e l y  the LDs0. These mice were res i s tan t  to the  lethal  
effects of 6-MP. 
6-MP m u s t  be conver t ed  to  T I M P  to be biologically 
act ive.  Therefore,  t he  effect  of pr ior  t r e a t m e n t  on 6-MP 
anabol i sm in the  liver was examined .  Here  the  h igh  levels of 
T I M P  in mice t r e a t ed  wi th  endo tox in  con t ra s t ed  sharply  
wi th  those  in contro l  mice. But ,  in contras t ,  in mice 
t r ea t ed  wi th  phenobarb i t a l ,  T I M P  format ion  was only 
half  of t h a t  found in contro l  mice. T I M P  concen t ra t ions  
ob ta ined  in these  expe r imen t s  were cons is ten t  wi th  the  
le tha l i ty  of the  combina t ions  (table 1). 
I t  is well known t h a t  phenoba rb i t a l  5 and endo tox in  6 al ter  
the  hepat ic  microsomal  enzyme act ivi ty .  I t  was found 
t h a t  by  p r e t r e a t m e n t  wi th  endotoxin ,  s leeping t ime fol- 
lowing p en t o b a rb i t a l  was prolonged significantly.  On the  
o ther  hand ,  admin i s t r a t ion  of phenoba rb i t a l  in mice re- 
duced the  p e n t o b a r b i t a l  sleeping t ime.  Al tered me tabo l i sm 
o f  pen toba rb i t a l  by  hepa t ic  8.500 • g microsomal  super- 
n a t a n t  f rac t ion corre la ted  well wi th  the  effects  deter-  
mined  in vivo (table 2). 
Discussion. F r o m  the  da t a  collected in these  studies,  it  is 

Table 1. The effects of phenobarbital and endotoxin on the lethality 
and metabolism of 6-MP in mice 

6-MP lethality TIMP formation* 
(mg/kg) (nmoles/g wet 
0 100 250 weight liver) 

Control (saline) 7/16 21.0 4- 2.0** 
Phenobarbital (80 mg/kg 
3 days) 0/10 2/16 11.4 4- 1.3 
p <0.05 <0.02 

Control (saline) 0/10 24.3 i 4.5 
Endotoxin (4 mg/kg) 0/10 16/20 52.0 z~: 3.2 
p <0.01 <0.01 

Mice were subjected to the experiments 24 h after the final injection 
of phenobarbital and 6 h after the injection of endotoxin. * Mice were 
killed 2 h after the injection of 6 mg of [8-14C] 6-MP/kg. **Data are 
the mean q- SE of 3 mice. 

Table 2. The effects of phenobarbital and endotoxin on the pento- 
barbital sleeping time and pentobarbital metabolism in mice 

Sleeping time Pentobarbital 
(rain) metabolism 

(nmoles]g wet 
weight liver/h) 

Control (saline) 36,3 ztz 4.5(3)* 338 -1- 19(4) 
Phenobarbital (80 mg/kg 
3 days) 0(3) 473 4- 29(4) 
p <0,01 <0.01 

Control (saline) 43.0 ~:: 2.1(3) 321 ~: 17(4) 
Endotoxin (4 mg/kg) 88.0 ~ 13.2(3) 190 • 40(3) 
p <0.05 <0.05 

Mice were subjected to the experiments 24 h after the final injection 
of phenobarbital and 6 h after the injection of'endotoxin. * Data are 
the mean :~: SE of 3 or 4 mice. 
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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 .  
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