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impl ies  t h a t  d i f fe ren t  m e m b r a n e s  possess un ique  e n z y m e  
ac t iv i t i es  which  m u s t  ref lect  t he  func t iona l  a c t i v i t y  of 
p a r t i c u l a r  m e m b r a n e  sys tems.  

Because  of t he  v a s t l y  d i f fe rent  e x p e r i m e n t a l  p rocedures  
used, i t  is diff icul t  to  c o m p a r e  t he  p re sen t  s t u d y  w i t h  those  
of OVTRACHT et  al. lS or BERGERON et  a1.19. I n  t he  work  
of OVTRACHT et  al. lS, a c rude  e n z y m e  mix tu re ,  t a k a d i a -  
stase,  was  used which  con ta ins  m a n y  d i f fe rent  ac t iv i t ies  
inc lud ing  proteases ,  glycosidases,  phospha ta ses ,  RNases ,  
etc. s0, i t  is di f f icul t  to  sepa ra te  enzyme  ac t iv i t i es  which  
m a y  be  a p a r t  of t he  Golgi  s y s t e m  as c o m p a r e d  to those  
which  m a y  h a v e  become  assoc ia ted  w i t h  the  m e m b r a n e s  
a f te r  add i t i on  of t akad ia s t a se .  A s imi la r  ob jec t ion  can  be  
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m a d e  to  t he  use of lysosomal  ex t r ac t s  to  u n s t a c k  Golgi. 
The  use of large doses of e t h a n o l  b y  BERGERO/q et  al. 20 
resul ts  in  tox ic  effects, wh ich  would  be  ref lec ted  in 
f luc tua t ions  of t he  enzymic  act ivi t ies .  A r ecen t  r epo r t  
descr ibes  a nea r ly  100% increase  of g lycosy l t rans fe rase  
ac t iv i t ies  in  r a t  l iver  Golgi a f t e r  a single dose of e t hano l  21. 
An  increase  of asS i nco rpo ra t i on  in to  l iver  mucopo ly -  
sacchar ides  a f te r  a lcohol  has  also been  repor ted  ~. W e  feel 
t h a t  t he  gent le  h o m o g e n i z a t i o n  p rocedure  used in our  
l a b o r a t o r y  r ep resen t s  a fa i r  a s sessment  of associa ted  
e n z y m e  ac t iv i t ies  28 

Zusammen/assung. Aus R a t t e n l e b e r  isol ierte Golgi 
A p p a r a t e  w u r d e n  u n t e r  mi lden  B e d i n g u n g e n  homogen i -  
s ier t  u n d  auf  d i skon t inu ie r l i chen  Suc rose -Grad ien ten  
aufge t ragen .  B e i m  Zen t r i fug ie ren  w u r d e n  3 B a n d e n  m i t  
jeweils Anre i che rungen  m e h r e r e r  E n z y m e  e rha l t en ,  
welche e iner  pa r t i e l l en  Ver t e i lung  der  E n z y m a k t i v i t X t e n  
en t sprechen .  
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Inhibition of Liver Aldehyde Dehydrogenase by Pyrogallol and Related Compounds 

The  o b s e r v a t i o n  t h a t  in v ivo  b lood levels of a ce t a ldehyde  
(AcH), t he  in i t i a l  and  p r o b a b l y  mos t  r eac t ive  i n t e r m e d i a t e  
in t he  m e t a b o l i s m  of e t h a n o l  (EtOH) ,  are s ign i f ican t ly  
e l eva ted  d u r i n g  a lcohol  i n t o x i c a t i o n  in r a t s  if pyrogal lo l  
(PG;  1,2, 3 - t r i hyd roxybenzene )  is p r e - a d m i n i s t e r e d l , 2  
ha s  p r o m p t e d  us to  exam i ne  t he  effect  of P G  and  severa l  
r e l a t ed  de r iva t i ve s  on  l iver  a ldehyde  dehydrogenase  
( A l d D H ;  EC 1.2.1.3). I t  has  been  p rev ious ly  shown  2 t h a t  
t h e  increase  in b lood A cH  levels in  v ivo  fol lowing P G  and  
E t O H  is no t  c o n t i n g e n t  upon  P G ' s  k n o w n  i n h i b i t i o n  of 
c a t echo l -O-me thy l t r an s f e r a s e  (COMT) and  p r o b a b l y  is no t  
m e d i a t e d  b y  a c t i v a t i o n  of c a t a l a s e - d e p e n d e n t  E t O H  
metabo l i sm.  The  effect  of PG,  P G  metabo l i t e s ,  or re la ted  
ca techol  c o m p o u n d s  on  t he  a c t i v i t y  of A l d D H  has  no t  
been  inves t iga ted .  

Materials and methods. All chemica l s  were of t he  h ighes t  
commerc ia l  qua l i ty .  M i t o c h o n d r i a l  A l d D H  was p r epa red  
f rom l ivers  of ma le  Sp rague -Dawley  r a t s  essent ia l ly  as 
descr ibed  b y  TABAKOFF et al. 8, excep t  t h a t  t he  d i s r u p t i o n  

Table I. Effect of pyrogalloI and related compounds on in vitro 
activity of rat liver mitochondrial aldehyde dehydrogenase 

Inhibition (%) 

Concentration (mM) 
Compound 0.05 0.5 1.0 

PG (1, 2, 3-trihydroxybenzene) 6.4 27.0 
1, 2, 4-Trihydroxybenzene 38.5 49.5 
Hydroquinone (1,4-dihydroxybenzene) 26.2 41.9 
Chloral hydrate -- -- 
DDC (diethyldithiocarbamate) 6.8 26.7 
3-Methoxy-0-catechol 0 17.2 
2, 3-Dimethoxyphenol 0 4.3 
Gallic acid 0 0 
n-Propyl gallate , 0 0 
D, L-Shikimie acid 0 0 
Te t rahydroxy-p-  quinone 0 0 

of i so la ted  m i t o c h o n d r i a  was  accompl i shed  b y  4 one-min  
son ica t ion  per iods  us ing  a B r a m s o n  Sonif ier  a t  a power  
s e t t i ng  of 4. The  f inal  so lu t ion  of A l d D H  was shown to be  
essent ia l ly  free of m o n o a m i n e  oxidase  (MAO) ac t iv i ty .  
MAO a c t i v i t y  was assayed  as descr ibed b y  TABAI~OFF and  
ALIVISATOS 4 a n d  was found  to  be  < 5% of t he  a c t i v i t y  
found  in t h e  m i t o c h o n d r i a l  pellet .  

A ldehyde  d e h y d r o g e n a s e  a c t i v i t y  was assayed  a t  25 ~ 
in i n c u b a t i o n  m i x t u r e s  c o n t a i n i n g  0.05 M Na3PO 4, 
p H  7.0, 1 m M  N A D  +, a n d  e n z y m e  (1-2 m g  prote in) .  The  
reac t ions  were in i t i a t ed  b y  t he  a d d i t i o n  of subs t ra t e ,  
p rop iona ldehyde ,  (2 raM).  M e a s u r e m e n t s  of A l d D H  
a c t i v i t y  were pe r fo rmed  a t  p H  7, due  to  r ap id  ox ida t i on  
of P G  a t  h ighe r  pH ' s .  For  k ine t ic  s tudies ,  t h e  concen t ra -  
t ion  of e i the r  N A D +  or p r o p i o n a l d e h y d e  was var ied  
while  t he  o the r  c o m p o n e n t s  of t h e  i n c u b a t i o n  m i x t u r e  
were k e p t  cons t an t .  Inh ib i to r s ,  w h e n  presen t ,  were 
p r e i n c u b a t e d  w i t h  e n z y m e  for 2 ra in  before  t he  add i t i on  
of subs t ra te .  I n c u b a t i o n s  w i t h o u t  i nh ib i t o r  were assayed  
s imu l t aneous ly  w i t h  each  i n c u b a t i o n  con ta in ing  inh ib i to r .  
F o r m a t i o n  of N A D H  was m o n i t o r e d  spec t ropho to -  
me t r i ca l ly  us ing  a B e c k m a n  A c t s  I I I  record ing  spect ro-  
p h o t o m e t e r  w i t h  a 0.1 a b s o r b a n c e  un i t ,  full scale expan-  
sion. Kine t i c  da ta ,  p l o t t e d  as descr ibed b y  LINEWEAVER 
and BURK 5, were f i t t ed  b y  l inear  regress ion analys is  
us ing  an  Ol ive t t i  P r o g r a m m a  101. E a c h  p o i n t  r ep resen t s  
t he  m e a n  of 3 de t e rmina t i ons ,  S.D. < 7%. 

To asce r t a in  w h e t h e r  t he  i n h i b i t i o n  b y  P G  was re- 
versible,  A l d D t t  was  p r e - i n c u b a t e d  w i t h  P G  (10 raM)  for 
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5 rain. An al iquot  of th is  incuba t ion  was t h e n  d i lu ted  in to  
an assay incuba t ion  descr ibed above,  such t h a t  the  final  
PG concen t ra t ion  was i mM,  and  A l d D H  ac t iv i ty  was 
de te rmined .  

Results and discussion. PG, 1, 2, 4 - t r ihydroxybenzene ,  
and hyd roqu inone  were found to  s ignif icant ly  inh ib i t  
mi tochondr ia l  A l d D H  ac t iv i ty  (Table I), being approxi -  
ma t e ly  equ ipo ten t  w i th  chloral  h y d r a t e  and  more  p o t e n t  
t h a n  DDC under  the  assay condi t ions  util ized. A similar  
inh ib i t ion  (78%) of ra t  l iver mi tochondr ia l  A l d D H  by  
2 m M  chloral  h y d r a t e  was previous ly  repor ted  by  

Table II. Reversibility of inhibition of aldehyde dehydrogenase by 
pyrogalloI 

Pyrogallol (mM) Activityb % Inhibition 

0 12.5 • 1.1 -- 
10.0 0.9 ~_ 0.2 92.1 
1.0 6.3 ~ 0.7 49.5 
1.0" 6.3 ~ 0.6 49.5 

�9 Aldehyde dehydrogenase was pre-incubated with 10 mM pyrogallol 
and an aliquot of this mixture was diluted into a final assay mixture 
such that the final pyrogallol concentration was 1 raM. For further 
details see text. bActivity is expressed as moles x 10 -11 NADH 
produced/min/mg protein. 
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Double reciprocal plots of the inhibition of rat liver mitoehondrial 
AldDH by PG, indicating non-competitive inhibition with respect to 
the substrate, propionaldehyde (PROP) and to the cofactor, nico- 
tinamide adenine dinucleotide (NAD). PG concentrations: 0, none; 
�9 0.1 raM; A, 0.5 raM. 

GRUNNET 6, and pur i f ied  horse liver A l d D H  was also 
found  to  be inh ib i ted  a p p r o x i m a t e l y  50% by  1 m M  
chloral  h y d r a t e L  Both  DDC and chloral  h y d r a t e  have  
been  used extens ive ly  as character is i tc  inhib i tors  of 
A l d D H  6-s. Inh ib i t ion  of A l d D H  ac t iv i ty  by  PG was 
found to  be reversible  by  di lu t ion (Table II),  and  the  
inh ib i t ion  was no t  increased by  pro- incubat ing  enzyme in 
the  presence  of PG for longer per iods  (up to  15 rain) before 
add i t ion  of subst ra te .  

Kine t ic  expe r imen t s  (Figure) indica ted  t h a t  P G  was 
a non-compe t i t ive  9 inhib i tor  of AldDH.  Similar  inhibi t ion 
p a t t e r n s  were ob ta ined  whe the r  NAD+ or p rop iona ldehyde  
were the  var iable  subs t ra tes .  

Inves t iga to rs  have  considered PG pr imar i ly  an inhibi tor  
of COMT. Our p re sen t  s tudies  d e m o n s t r a t e  t h a t  PG and 
cer ta in  re la ted  compounds  are inhibi tors  of l iver A l d D H  
as well, and  suggest  t h a t  the  e levated  AcH levels in v ivo 
af ter  PG and  E t O H  can be expla ined  in pa r t  by  th is  
inhibi t ion.  In  addi t ion,  mi tochondr ia l  N A n +  levels have  
been shown to  be reduced af ter  admin i s t r a t ion  of E t O t t  
to ra t s  10. The resu l t an t  low NAD+ levels would con t r ibu te  
fu r ther  to t he  inhib i t ion  of A l d D H  ac t iv i ty  in t he  presence 
of PG. 

I f  PG also inhibi ts  A l d D H  in bra in  and  nerve,  increases 
in levels of t he  biogenic a ldehydes  der ived f rom MAO 
act ion on amine  neu ro t r ansmi t t e r s  - in par t icu lar  (because 
of concomi tan t  COMT inhibit ion),  the  catechol  a ldehydes  - 
may  occur in PG- t r ea t ed  animals.  The biogenic a ldehydes  
could have  effects xl which  con t r ibu te  to  t he  increased 
dura t ion  of response to  ca techolamines  which  is seen wi th  
PG 12. The endogenous  a ldehydes  p r e s u m a b l y  could 
condense  wi th  p a r en t  amines,  forming  t e t r ahydro i so -  
quinolines or fi-carbolines wi th  f i - sympathomimet ic  act iv-  
i ty  13. In  suppor t  of th is  condensa t ion  possibil i ty,  PG has 
been  found  to  p ro mo t e  t e t rahydro i soqu ino l ine  fo rma t ion  
f rom exogenous AcH and  bra in  dopamine  dur ing  E t O H  
me tabo l i sm in ra t s  la, 15. 

Zusammenfassung. Nachweis ,  dass Pyrogal lol  und 
Xhnliche Subs tanzen  eine der  mi tochondr ia len  Alkohol- 
dehydrogenasen  aus Ra t t en l ebe r  hemlnen.  
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