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SUMMARY

Several  compounds possessing a hydroxy group are both sul fated and

glucuronidated in  ver tebrates.  The conjugates of  some compounds d i f fer  in

thei r  tox ic i ty .  Therefore,  i t  is  of  in terest  to  understand the mechanisms -
of  compet i t ion between the two conjugat ing react ions.  Usual ly ,  the f ract ion

of  a phenol  adminis tered to rats  that  is  su l fated decreases and that  is  g lu-

cu ron ida ted  i nc reases  when  the  dose  i s  i nc reased .  Th i s  l im i t a t i on  o f  su l f a -

t ion may be caused by deplet ion of  inorgan' ic  su l fate or  by saturat ion of

the sulfotransferase with svbstrate. In the present invest' igation some fac-

tors determin ing the compet i t ion between sul fat ion and g lucuronidat ion were

s tudi  ed .

A very usefu l  compound in th is  invest igat ion was 2,6-d ichloro-4-n i t ro-
phenol  (DCNP),  a potent  inh ib i tor  of  su l fat ion.  I t  proved to be very selec-
t i ve  i n  i t s  i nh ib i t i on  o f  su l f a t i on ;  o the r  con juga t i on  and  exc re t i on  p ro -

cesses remained unal tered (Supplement  I ) .  Compounds chemical ly  re lated to

DCNP were a lso inh ' ib i tory but  were less ef fect ive in  v ivo (Supplement  I ,

I I ) .  } lhen DCNP was adminis tered to the in tact  animal  i ts  act ion pers is ted

for  a long t ime (more than two days)  because i t  is  very s low el iminated by

metabol ism and excret ion (Supplement  I I I ) .  DCNP is  a lmost  complete ly  bound

to  p ro te in  wh i ch  may  exp la in  why  i t s  i nh ib i t o r y  ac t i on  i s  rap id l y  reve rs ib le

in the once- through per fused rat  l iver :  DCNP could be read' i1y washed out  of

the l iver  by per fus ing wi th f resh medium conta in ing a lbumin (Supplement  I I I ) .

When DCNP was in jected in t ravenously in  the in tact  animal  the onset  of  in-

h ib i t i on  o f  ha rmo l  su l f a t i on  was  i nmed ia te ,  wh i ch  imp l i es  t ha t  su l f a t i on

can be arrested at  any desi red t ime (Supp' lement  I I I ) .  These propert ies made

DCNP very sui table for  the study of  the sul fat ion k inet ics in  v ivo (Supple-

men t  I I I )  and  i n  t he  pe r fused  l i ve r  (Supp lemen t  V I ) .

Sul fat jon of  var ious phenols was studied both in  v ivo and in iso lated

hepatocytes. When the amount of the sulfate conjugate produced was related

to the amount  of  inorganic sul fate that  was present  at  the star t  o f  the

exper iment  (Supplement  I I I ,  IV) ,  i t  was found that  the re lat ive decrease in

sul fat ion that  was observed could not  be exp' la ined by dep' le t ion of  inorganic

sulfate. However, when high amounts of the sulfate conjugate were produced
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a f te r  t he  admin i s t ra t i on  o f  h i gh .doses  o f  t he  subs t ra te ,  su l f a te  ava i l ab i -

l i t y  may  be  ra te - l im i t i ng  (Supp lemen t  IV ) .

The rate of  g lucuronidat ion at  s teady-state increased more than pro-

por t ional ly  wi th the rate of  substrate supply in  v ivo (Supplement  IV)  and

in the once- through per fused rat  l iver  preparat ion;  th is  occurred when sul -

fat ion became saturated.  When sul fat ion was inhib i ted by DCNP glucuronida-

t ion increased to an extent  that  compensated complete ly  for  the loss of

sul fat ion (Supplement  VI) .  In  both cases the tota l  rate of  conjugat ion re-

ma ined  l i nea r  w i t h  t he  ra te  o f  subs t ra te  supp l y .

l , te  developed a model  for  ce l lu lar  uptake of  the substrate and i ts  in-

t r ace l l u l a r  me tabo l i sm (Supp lemen t  V ) .  S imu la t i ons  w i th  t h i s  mode l  showed

tha t  t he  unusua l  k i ne t i cs  o f  g l ucu ron ida t i on  cou ld  be  exp la ined  by  t he

existence of  d i f fus ion- l imi ted metabol ism. The apparent  aberrancy of  g lu-

curonidat ion is  caused by the fact  that  i ts  rate is  re lated to the extra-

cel lu lar  substrate concentrat ion whi le  i t  should be re lated to the in t ra-

cel lu lar  substrate concentrat ion.  In  the la t ter  case i ts  k inet ics can be

qu i t e  no rma l ,  i . e .  acco rd ing  to  M ichae l i s -Men ten .  Consequences  o f  such  a

di f fus ion barr ier  on the k inet ics of  metabol i te  format ion are d iscussed.

I t  is  shown that  apparent  K,  va lues of  the react ions are dependent  on the

enzyme-k inet ic  parameters of  compet ing react ions.  From l i terature data and

our own exper iments we conclude that  a l though other  mechanisms may contr i -

bute to the phenomenon of the aberrant kinet' ics of glucuronidation these

k ine t i cs  a re  mos t  f u1 l y  exp la ined  by  d i f f us ion - l im i t ed  me tabo l i sm.
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